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Although prompt in its initial action, Butisol Sodium has not the 
fleeting, intensified effect of the short-acting barbiturates. Its action 
has been described as “intermediate.” With proper regulation of 
dosage there is no cumulative action (is destroyed in the body) and 
a minimum of “‘hang-over.” Butisol Sodium is a valuable sedative for: 
DAYTIME SEDATION . . . NEUROSES.. . INSOMNIA 


RELIEF OF PREOPERATIVE APPREHENSION 
OBSTETRICAL HYPNOSIS . . . MENOPAUSAL HYSTERIA 


DOSAGE FORMS: Elixir Butisol Sodium, 0.2 Gm. (3 gr.) per fl. oz.—in pints. - 


Capsules, 0.1 Gm. (14 gr.) and Tablets, 15 mg. (34 gr.) and 50 mg. (% gr.). 
Caution: Use only as directed. 
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Supplied in 1/10, 1/4, 1/2, 
1, 2. and 5 grain tablets 
and in powder, U. S. P. 


The basal metabolic rate is still the most 
significant criterion in diagnosing hypo- 
thyroidism. And the goal of therapy in 
hypothyroidism is the restoration and 
maintenance of a normal B. M. R. To 
attain this goal a thyroid preparation of 
dependable, unvarying potency and ac- 
curate standardization is essential. To this 
end, THE ARMOUR LABORATORIES, 
pioneers in this field, has long led the 
way in developing new and better meth- 
ods of preparing medicinal thyroid from 
the world’s largest supply of fresh animal 
material. 


Have confidence in the preparation you prescribe 
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Ciba Hormone Products 


ETHINYL EsTRADIOL is the most potent oral estrogen. Derived from alpha- 
estradiol, the estrogenic substance secreted by the human graafian follicle. 
it is free from the comparatively large quantities of non-estrogenic material 
present in water-soluble urinary derivatives. 

In contrast with the synthetic stilbenes, ErHiINYL EsTRaDIOL 
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LutocyLot LincueEts provide the most efficient form of administration of %. 
the most potent oral progestational substance. 

LINGUETS are especially designed to be a between the gum and 
cheek where the hormone may be absorbed directly into the systemic circu- 
lation. This largely prevents hepatic inactivation so that LUTOCYLOL 
LINGUETS are approximately twice as effective as swallowed tablets. 

In threatened abortion, 10 to 30 mg. daily are required for treatment; 
10 mg. daily or every other day for maintenance. 
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MALE HORMONES REDUCED 35% 
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the saving made ge by large-scale production of hormones has thus 
extended the benefits of en therapy to many patients to whom they 
were previously denied. 
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to 

®T_M.Reg.U.S.Pat. Off. 


| 
a PHARMACEUTICAL PRODUCTS, Inc., SUMMIT, NEW JERSEY 


| 


Bile zn the Stomach? 


This illustration has purposely been made to 
show the common duct opening into the stomach. 
Had nature intended the bile to be excreted 

in the stomach, she would have placed the 
opening there herself. Instead, nature releases 
bile in the small intestine, in which it carries out 
its function most efficiently. 


Pulvules ‘Bilron’ (Iron Bile Salts, Lilly), like 
nature, release bile acids in the intestine. 

Iron bile salts are made in order to render the 
natural, conjugated bile acids insoluble in acid 
media. Hence, ‘Bilron’ passes through the normal 
stomach without causing gastric distress. 

In the intestine, it readily dissolves at the optimum 
point for emulsification and absorption of fats. 


ELI LILLY AND COMPANY 
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Editorial 


Significance of Psychosomatic Medicine 


HE present vogue of psychosomatic 
medicine is in large part attributa- 
ble to two rather separate factors. 
One is the development of methods by 
which the physical components of emotions 
may be objectively evaluated, and the other 
is an increasing realization of the limitations 
of prevalent scientific procedures in the 
understanding and management of illness 
which is dependent upon emotional disturb- 
ances. Interest in the subject has been so 
stimulated that psychosomatic medicine now 
threatens to become still another specialty 
in the already alarmingly segmented medical 
effort. 

Although the clinical importance of emo- 
tional reactions has long been recognized, 
preoccupation of physicians with physical 
and chemical abnormalities in disease has 
left little time for inquiry concerning their 
precise effects on the function and structure 
of the body. It is only in recent years that 
systematic study has been attempted by 
methods which permit objective measure- 
ment and evaluation. The observations of 
Wolf and Wolff! upon the behavior of the 
stomach during emotional stress opened the 
way to a new approach in the field of clini- 
cal investigation. They demonstrated that 
embarrassment and resentment, long known 


1Wotr, STEWART Wo rr, Harotp G. Human 
Gastric Function. New York, 1943. Oxford University 
Press. 


to cause blushing of the face, simultaneously 


produced flushing, hyperemia and increased 
acid secretion in the normal stomach and 
that continuation or frequent repetition of 
the emotional reaction caused erosions of 
the gastric mucosa with symptoms which 
were indistinguishable from those of peptic 
ulcer. Of equal significance were their ob- 
servations that in the same individual fear 
and dread were accompanied by blanching 
of the gastric mucosa with diminution or a 
temporarily complete absence of gastric 
secretion, with loss of appetite and disgust 
for food. Later studies by Wolff, Holmes, 
Goodell and Wolf? have shown that in the 
normal nasal mucosa, resentment and em- 
barrassment produce hyperemia and exces- 
sive secretion while fear results in pallor and 
dryness. Observations by Almy and Tulin® 
have shown similar reactions of the normal 
colon under the stress of pain and emotion. 
_ There is little reason to suppose that the 
response to emotion of other tissues and 
organs is less significant. The literature is 
replete with evidence indicating the par- 
ticipation of the heart, the peripheral circu- 


Wo H. G., Hormes, T. H., H. and 
Wotr, S. Life situations, emotions and nasal disease. 


_ Changes in nasal function associated with varying 


emotional states and life situations. 7r. A. Am. Physicians, 
59: 88, 1946. 

? Army, T. P. and Tutin, M. Alterations in colonic 
function in man under stress. Experimental production 
of changes simulating the “irritable colon.” Gastro- 
enterology, 8: 616, 1947. 
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lation and the kidneys. It is now generally 
recognized that such diverse conditions as 
asthma, hypertension, thyrotoxicosis, ul- 
cerative colitis, sinusitis and glaucoma are 
influenced symptomatically and perhaps 
etiologically by the play of the emotions. 

While these significant observations have 
been accumulating, experience during the 
war has greatly emphasized the already 
growing recognition of the importance of 
emotional reactions in the development of 
illness. It has also brought into clearer focus 
the inadequacy of routine methods of exami- 
nation and treatment when applied to 
emotional abnormalities. Actually, in the 
majority of the military personnel who be- 
came ill physical examination and the 
diagnostic application of x-rays and chemi- 
cal tests failed to reveal the source of the 
difficulty. No specifics were available to cor- 
rect faults of motivation and adjustment. 
To discerning physicians, the conditions of 
war appeared to be only an exaggeration of 
those in civil practice when dependence is 
placed chiefly on diagnostic and thera- 
peutic procedures which cannot solve all the 
problems of any patient or any of the prob- 
lems of many others. 

Scrutiny of the rapidly accumulating 
experience leads to a number of generaliza- 
tions of clinical significance. Physical con- 
comitants of emotion occur in every human 
being. Organic disease affords no immunity 
and usually exaggerates anxieties and fears. 
Freedom from physical defects and excellent 
nutrition do not protect the individual from 
emotional disaster. Indeed, in the evalua- 
tion of disease, no diagnosis can be complete, 
no management optimal which does not 
take into account the patient’s attitude and 
reaction to his own illness and life situation. 
In such observations the response of the 
individual can never be sharply separated 
into emotional and organic components. In 
a resentful man the effect of the situation 
which annoys him will be portrayed in his 
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nose, stomach, posture and the “‘sour’’ look 
on his flushed face. The entire organism 
reacts to an environment which it regards 
as threatening. Experience also indicates 
that while one emotional storm may lead to 
disagreeable symptoms, frequent repetition 
of the reaction over considerable periods of 
time is necessary before simulation of serious 
organic disease and physical incapacity are 
likely to result. 

Many physicians, perhaps a majority, 
find themselves unprepared and relatively 
helpless before a patient in whom no defect 
can be demonstrated but who persists in 
being ill. In medical schools emphasis has 
been placed on the recognition of organic 
disease or of systemic conditions in which 
chemical abnormalities can be demon- 
strated. Deplorably little attention has been 
given to examination and evaluation of the 
emotional reactions of the sick man. Under 
these circumstances, an attitude is gaining 
ground both in the profession and among 
the laity that a patient who is ill without 
recognizable organic defect should seek a 
psychiatrist. At the same time it Is recog- 
nized that there are too few psychiatrists 
and that more cannot be quickly trained. In 
the dilemma emphasis 1s being placed upon 
the necessity of immediate preparation of a 
group of physicians who will become in- 
terested in the interplay of physical and 
emotional factors and who might be called, 
for want of a better term, specialists in 
psychosomatic medicine. 

There can be little question as to the de- 
sirability of training many men in this field 
and among them a number who will later 
be able to act as teachers. Separation of such 
a group as specialists is less defensible and 
may actually impede the final solution of the 
problem. Psychosomatic medicine is medi- 
cine itself and cannot be assigned to any one 
group. The analysis of a patient’s reaction 
to life situations is as much a part of diagno- 
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sis as is physiology, chemistry or anatomy. 
Fundamental concepts which pervade un- 
derstanding of all diseases must never be 
regarded as clinical specialties. Eventual 
solution of the practical problems of psy- 
chosomatic medicine must rest upon an 
appropriate orientation of all young physi- 
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cians and will depend upon broad changes 
in medical curricula and hospital disciplines, 
if it is to acquaint them from their earliest 
day with the physical and emotional re- 
sponses of human beings under the stress of 
life situations, 

Davip P. BARR, M.D. 
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Clinical Studies 


Primary Hypertrophy and Hyperplasia of the 
Parathyroid Glands as a Cause of 
Hyperparathyroidism’ 


H. Mitton Rocers, M.D. and F. RAYMOND KEATING, JR., M.D. 
ROCHESTER, MINNESOTA 


ally caused by a hyperfunctioning 

neoplastic tumor limited to one para- 
thyroid gland or sometimes involving two. 
Occasionally, hyperparathyroidism is caused 
by enlargement of parathyroid tissue result- 
ing from a remarkable primary hypertrophy 
and hyperplasia of water-clear cells. Al- 
bright, Bloomberg, Castleman and Church- 
ill’ in 1934, were the first to call attention 
to the clinical and surgical significance of 
this lesion. ‘They described enlargement of 
all four parathyroid glands which was con- 
sidered by them to represent hyperplasia. 
This enlargement was accompanied by a 
distinctive histologic appearance and char- 
acterized by uniformity of structure, enor- 
mous size of the cells, extreme clearness of 
the cytoplasm and a tendency toward 
glandular formation. 

It is the purpose of this report to review 
the published cases of primary hypertrophy 
and hyperplasia of the parathyroid glands 
and to summarize the findings in four pa- 
tients seen at the Mayo Clinic. Castleman 
and Mallory” in a comprehensive review of 
the pathology of hyperparathyroidism found 
160 cases of hyperfunctioning lesions of the 
parathyroids in the literature. In twenty- 
five of these patients the histologic examina- 
tion of the lesion disclosed only “‘wasserhelle”’ 
cells. In eleven patients, however, the 


Pin": hyperparathyroidism is usu- 


lesion involved only one gland; therefore, 
these were considered to be cases of wasser- 
helle adenoma or neoplasia. In the remain- 
ing fourteen patients all parathyroid tissue 
was involved and the condition was re- 
garded as wasserhelle hyperplasia. In one 

case the lesion, classified by Castleman and > 
Mallory (Case 112) as an adenoma, fulfills 
the requirements of wasserhelle hyperplasia. 
They added five patients seen at the Massa- 
chusetts General Hospital, which brought 
the total recorded instances of primary 
hyperplasia of the parathyroid glands up to 
twenty. 

In our review of the literature only those 
cases are included in which enlargement of 
two or more glands was demonstrated. 
Four cases, which were included by Castle- 
man and Mallory in their review (Cases 22, 
92, 126 and 127), have been omitted be- 
cause it was believed that the histologic 
descriptions given were not adequate. Since 
Castleman and Mallory’s review appeared 
in 1935, two additional cases have been 
recorded at the Massachusetts General Hos- 
pital and eight others, including four from 
the Mayo Clinic, are included in this re- 
port. This brings the series to a total of 
twenty-six cases. Data on the twenty-two 
cases reported in the literature are given in 
Table 1. | 


* From The Mayo Foundation and The Mayo Clinic, Rochester, Minn. 
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The earliest reference to wasserhelle hy- 
perplasia is that of Mdller* in 1911. Mdller 
mentioned the case of a woman, forty-six 
years of age, who died of miliary tuberculo- 
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case of a man, seventy-five years of age, 
who died of paralysis agitans and broncho- 
pneumonia. Asymmetrical enlargement of 
four parathyroid glands was present at 


necropsy. The glands were composed of 
compact, medium-sized epithelial cells with 


sis. Necropsy revealed two enlarged para- 
thyroid glands measuring 4.5 by 0.5 by 0.5 


TABLE I 
PRIMARY HYPERPLASIA AND HYPERTROPHY OF THE PARATHYROID GLANDS 
Surgical or| Weight of Number 
Case Author Age | Sex Necropsy | Parathyroids | of Glands Manifestations 
1 | Mller 46 F N Not recorded 2 None 
u | Gjestland 75 |M N « | Not recorded 4 None 
mt | Harbitz 75 | M N Not recorded 4 None 
Iv | Bergstrand 57 F N 400 mg., 80 mg., 4 None 
145 mg. and : 
40 Gm.?* 
Vv | Hoffheinz 42 F N Not recorded 5 Nephrolithiasis; osteitis fibrosa cystica 
v1 | Paul 56 M N 70 Gm. 2 Gastrointestinal; nephrocalcinosis; _his- 
tologic bone change 
vul | Bergstrand 55 F N Not recorded 4 Nephrolithiasis; weakness and poly-dip- 
sia; histologic bone change 
vur | Beyerinck 35 F | SandN | Not recorded 4 Osteitis fibrosa cystica 
1x | Hellstrém 44 F Ss Not recorded 2 Osteitis fibrosa cystica; nephrocalcinosis 
x | Hanke 49 F N Not recorded 4 Osteitis fibrosa cystica; nephrolithiasis; 
nephrocalcinosis 
x1 | Mass. Gen. | 62 F ~_ & 10.6 Gm. 3 Nephrolithiasis 
(subtotal) 
xu | Mass. Gen.| 26 | M S 19.3 Gm. 4 Nephrolithiasis 
(subtotal) 
| Mass. Gen. | 55. | F S 3.4 Gm. Nephrolithiasis 
(subtotal) 
xiv | Capps 50 | M N 35.6 Gm. 3 None; mediastinal hemorrhage 
xv | Mass. Gen. | 41 M S 2.47 Gm. 4 Nephrolithiasis 
(subtotal) 
xvi | Mass. Gen 39 |M S 6.80 Gm. 4 Nephrolithiasis 
(subtotal) 
xvi | Mass. Gen 57 F S 11.20 Gm. 4 Nephrolithiasis; osteitis fibrosa cystica 
(subtotal) 
xvir | Mass. Gen.| 63 | M S 3.39 Gm. 4 Nephrolithiasis; osteitis fibrosa cystica 
(subtotal) 
xix | Hellstrém 60 F S Not recorded 2 Nephrolithiasis 
xx | Hellstrém 59 F S Not recorded 2 Nephrolithiasis; nephrocalcinosis; osteitis 
fibrosa cystica 
‘ xx1 | Thyssen 51 | M| SandN | Not recorded + Gastrointestinal; nephrolithiasis 
xx | Flink 57 F S 23 Gm. 4 Osteitis fibrosa cystica; nephrolithiasis; 
(subtotal) polyuria 


* The weights recorded on Bergstrand’s first case are confusing. They are recorded as 400 mg., 80 mg., 145 mg. 
and 40 Gm. Since Bergstrand did not comment on marked variation of size, it is presumed that the fourth weight should 
be 40 mg. Castleman, in writing of this case, records weights as 400 mg., 80 mg., 150 mg. and 1,040 mg. 


light vacuolar cytoplasm. Harbitz® in 1915 
and Bergstrand® in 1921, each reported a 


cm. each. Histologically, they consisted of 
large cells with light cytoplasm. The 


clinical history was brief and included 
none of the manifestations of hyperparathy- 
roidism. Gjestland,‘* in 1912, recorded one 
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case in which enlargement of all four para- 
thyroid glands was observed. No significant 
clinical symptoms were mentioned in either 
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report. Histologically, Harbitz’ patient re- 
vealed medium-sized epithelial cells with a 
vacuolated cytoplasm and in Bergstrand’s 
patient the glands were composed of wasser- 
helle Zellen. In both patients oxyphil cells 
were absent. In these four patients no clini- 
cal or necropsy data were given that sug- 
gested hyperparathyroidism. 

The first case of primary hypertrophy of 
the parathyroid glands to be associated 
with obvious clinical evidence of hyper- 
parathyroidism was reported by Hoff- 
heinz’ in 1925. The patient was a woman, 
forty-two years of age. Manifestations of 
bone disease had been noted for a year and 
for four months she had been unable to 
walk. Bone cysts were present roentgenolo- 
gically. There were two stones in the right 
kidney. Death occurred from uremia. Five 
parathyroid glands were found and all were 
enlarged. Histologically, most of the cells 
were wasserhelle cells but a few oxyphil 
cells were found. Osteitis fibrosa with 
‘“‘brown tumors” of the bones was present. 

Paul*® in 1931, reported the case of a man, 
fifty-six years of age, who had loss of appe- 
tite, weakness, fatigue and loss of approxi- 
mately 28 pounds (12.7 Kg). Polydipsia was 
also noted. In the bones there was evidence 
of osteitis fibrosa. Nephrocalcinosis was 
observed in the kidneys. At necropsy two 
parathyroid glands were markedly en- 
larged, each weighing 35 Gm. The re- 
maining parathyroid glands could not be 
identified. ‘The histologic appearance was 
consistent with primary hyperplasia as the 
cytoplasm of the cells stained only slightly. 
Palisading was present. 

Bergstrand® again in 1931, described a 
case in which there was enlargement of four 
parathyroid glands. The patient, a woman 
fifty-five years of age, presented the typical 
symptoms of hyperparathyroidism with 
weakness, loss of strength, obstipation, poly- 
dipsia and polyuria. Bone pain was entirely 
missing. The right inferior parathyroid 


Hyperparathyroidism—Rogers, Keating 


gland was greatly enlarged and measured 
4.5 by 2.5 by 3.0 cm. The left superior 
parathyroid gland likewise was enlarged 
and measured 4.5 by 2.5 by 0.5 cm. The 
remaining two parathyroid glands were 
enlarged, each weighing more than 100 mg. 
Histologically, indistinct cytoplasm with 
follicles was present. No Welsh (oxyphil) 
cells were present. In the bone there were 
changes of osteitis fibrosa. Bergstrand stated 
that histologically this patient did not pre- 
sent the picture of adenoma, as there was 
diffuse change in all of the parenchyma. 
He believed it was analogous to those 
changes seen in Basedow’s struma. 

In 1932, Beyerinck’® reported a case 
which Castleman and Mallory? subse- 
quently classified as an adenoma of clear 
cells. More recent review of the micro- 
scopic sections by Snapper’! showed it to be 
typical primary hyperplasia. The patient 
was a woman aged thirty-five, who com- 
plained of protracted vomiting and loss of 
weight. No skeletal disease was found but 
the concentration of calcium was 21.0 mg. 
per 100 cc. of serum and that of phosphorus 
2.0 mg. per 100 cc. of serum. A parathyroid 
gland the size of a coffee bean was removed 
at operation. Death occurred the following 
day and necropsy disclosed three more ab- 
normal parathyroids varying in size from 
that of a coffee bean to that of a hen’s egg. 
Nephrolithiasis was found but the skeleton 
was normal on microscopic examination. 
Snapper stated that the sections of the para- 
thyroid glands disclosed only large water- 
clear cells. 

Hellstrém’? in 1931, reported on a patient 
in whom two enlarged parathyroid glands 
were removed at two operations. The patient 
was a woman of forty-four years of age who 
had osteitis fibrosa cystica. The histologic 
appearance of the two glands was consistent 
with that of primary hyperplasia o1 the 
parathyroid glands. This patient came to 
necropsy in 1942 and the findings were re- 
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ported in 1944 by Hellstrém and Wahl- 
gren.'* Two parathyroid glands of the size 
of a walnut were found at necropsy. His- 
tologically, the predominant cell was the 
large, water-clear cell but small nodules 
were composed of chief cells and a few 
groups of oxyphil cells were observed. Cysts 
were identified. Hellstr6m and Wahlgren 
called attention to the fact that two enlarged 
glands were removed at the time of opera- 
tion in 1930 and the remaining two glands 
were of normal size. Twelve years later at 
necropsy, however, these remaining para- 
thyroid glands were greatly enlarged and 
nodular. Nephrocalcinosis was also observed: 
This case is of particular interest because it 
is to date the only instance of primary 
hyperplasia with hyperparathyroidism in 
which there has been an opportunity for 
comparison of surgical and necropsy find- 
ings after an interval of twelve years. 

Two additional cases in which primary 
hyperplasia was treated surgically were also 
reported in 1944 by Hellstr6m and Wahl- 
gren'* (Cases v and vi). In each patient 
two enlarged glands composed of water- 
clear cells were removed. In the first patient 
there was nephrolithiasis but no bone mani- 
festations and in the second, there was 
osteitis fibrosa, nephrocalcinosis and neph- 
rolithiasis. In the first instance, the serum 
calcium before operation was 15.4 mg. per 
100 cc. and after operation it still remained 
high (13.5 mg. per 100 cc.). 

Hanke,‘ in 1932, presented the necropsy 
findings on a woman, forty-nine years of age, 
who had extremely far-advanced skeletal 
changes due to osteitis fibrosa cystica. The 
serum calcium was 23.4 mg. per 100 cc. The 
bone manifestations were classic. All four 
parathyroid glands were enlarged and 
histologically all cells were wasserhelle 
Zellen. There was nephrolithiasis and 
nephrocalcinosis. 

Those cases described by Hoffheinz,’ 
Paul,* Bergstrand,® Beyerinck,'® Hellstrém'” 
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- and Hanke" best fit the criteria of primary 
hypertrophy and hyperplasia of the para- 
thyroid glands as outlined subsequently by 
Albright and associates.’ It is interesting 
that in the reports of the earlier writers, 
marked emphasis was placed on the bone 
manifestations and lengthy descriptions of 
the gross and histologic appearances of the 
bone were given, while in many instances 
meager descriptions of the parathyroid 
glands were given. 

In 1934, Albright, Bloomberg, Castleman 
and Churchill! presented data on three cases 
which emphasized the clinical importance 
of primary hypertrophy, hyperplasia and 
primary hyperparathyroidism* with en- 
largement of all parathyroid glands. They 
showed that surgical removal of one gland 
will not cure the patient of hyperparathy- 
roidism if all four parathyroids are involved. 
The surgical management of these patients 
has been presented separately by Churchill.'® 

Capps,'® in 1934, reported an interesting 
case of mediastinal, cervical and thoracic 
subcutaneous hemorrhage associated with 
multiple parathyroid tumors. The patient 
was a man of fifty years of age. At necropsy 
the hemorrhage was found to have origi- 
nated within one of the parathyroid glands. 
Two parathyroid glands were found grossly 
enlarged and a third gland was found his- 
tologically. The total weight was 35.6 Gm. 
Their histologic structure was identical with 
that reported by Albright.’ Capps stated 
that neither on clinical nor on necropsy find- 
ing could the existence of hyperparathyroid- 
ism be proved or disproved. 

In 1935, Castleman and Mallory’ pre- 
sented a classic review of the pathologic 
condition of the parathyroid gland in hyper- 
parathyroidism. They reviewed the three 


‘cases from the Massachusetts General Hos- 


* Hyperparathyroidism is defined as “primary” when 
more parathyroid hormone is produced than the body 
requires and as “secondary” when an increased produc- 
tion of parathyroid hormone is a compensatory response 
to some other condition. 
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pital originally presented by Albright, 
Bloomberg, Castleman and Churchill! and 
included two more of their own from the 
same hospital. A comprehensive review of 
the literature was given. They emphasized 
enlargement of all four glands in certain 
patients who demonstrated one type of cell, 
the wasserhelle cell. They noted that these 
cells had a tendency to acinar arrangement 
with basal orientation of the nuclei and 
varied from 10 to 40 microns in diameter. 
The nuclei of these cells, while often multi- 
ple, were approximately of the same size. 
The location of the nucleus at the base of the 
cell produced a characteristic pattern that 
resembled bunches of berries. The cyto- 
plasm was clear, except for light pink stain- 
ing granular material. 

Castleman and Mallory*’ in 1937, dis- 
tinguished between the changes seen in the 
parathyroid glands secondary to long-stand- 
ing renal insufficiency and those associated 
with primary hyperplasia. In the glands en- 
larged secondarily as a result of renal 
insufficiency, the gland histologically is com- 
posed of chief cells. Vacuolization of the 
cytoplasm may occur but the cell does not 
reach the size of those in patients with 
primary hyperplasia in whom the large 
water-clear cell is a constant feature. 

The surgical aspects of primary hyper- 
trophy and hyperplasia of the parathyroid 
glands were reviewed by Cope’® in 1935, 
and again by Churchill and Cope’? in 1936. 
Albright, Sulkowitch and Bloomberg?® in 
1938, presented the clinical aspects of five 
cases previously reported from the Massa- 
chusetts General Hospital and of a sixth case 
from the same hospital. The number of male 
and female patients was equal and the age 
ranged from twenty-six to sixty-two years. 
Renal stones were present in all six patients 
and bone changes were present in only one. 
In all patients the treatment was surgical. 
In one patient three enlarged glands were 
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identified, while in the other patients four 
enlarged glands were found. The amount of 
parathyroid tissue removed at operation 
ranged from 2.47 to 19.3 Gm. The remain- 
ing parathyroid tissue ranged from an esti- 
mated 0.12 to 0.5 Gm. In all patients the 
typical histologic picture with large water- 
clear cells was present. It was Albright’s?° 
opinion at this time that enlargement of the 
glands was the result of hypertrophy rather 
than of hyperplasia. 

The surgical treatment of hyperparathy- 
roidism was discussed again by Cope?’ in 
1941. He emphasized that enlargement of 
four glands may occur in primary hyper- 
plasia. In 1943, Cope,?? reported the seventh 
case of primary hypertrophy and hyper- 
plasia of the parathyroid glands from the 
Massachusetts General Hospital. Among 
seventy patients with hyperparathyroidism 
primary hypertrophy was found seven times. 
In the seventh instance the patient was a 
man, sixty-three years of age, who had renal 
stones and manifestations of osseous disease. 
All four glands were enlarged and 3.39 Gm. 
of parathyroid tissue was removed. The 
histologic appearance was identical with 
that previously described.’ 

Thyssen” described a case which he called 
adenomatous hyperplasia of all parathy- 
roids. From his description it is another in- 
stance of typical generalized hyperplasia of 
clear cells. The patient, a man aged fifty- 
one, had typical generalized osteitis fibrosa 
cystica and a serum calcium value of 14.1 
mg. per 100 cc. Two parathyroid glands 
measuring 3 by 1 cm. were removed at 
operation, one from each side. Anuria devel- 
oped and the patient died four days 
following operation. At necropsy a third 
parathyroid gland, measuring 1.5 by 0.75 
by 0.5 cm., was found on the right and a 
fourth gland, measuring 3 by 2 cm., was 
found in the superior mediastinum. On his- 
tologic examination all of the parathyroid 
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glands were similar in structure and were 
composed entirely of large, clear polygonal 


cells. There was no nephrolithiasis 


nephrocalcinosis. 

Flink?* in 1945, reported the case of a 
woman, fifty-seven years of age, who had 
renal stones and bone changes. At the time 
of the first operation one gland weighing 3.0 
Gm. was removed. As the clinical and chemi- 
cal evidence of hyperparathyroidism per- 
sisted a second operation was performed. 
Two glands weighing 18.0 and 2.0 Gm., 


respectively, were removed. A fourth gland ° 


which was apparently normal in size was 


identified. The histologic picture of all para- 


thyroid tissue was identical with that de- 
scribed in detail before. While the serum 
calcium dropped to normal after the second 
operation the bone pain persisted, the 
phosphorus remained low and the alkaline 
phosphatase and urinary excretion of cal- 
cium continued high. These findings might 
suggest the presence of additional hyper- 
functioning parathyroid tissue. 

At the Mayo Clinic four cases of primary 
hypertrophy and hyperplasia of the para- 
thyroid glands have been described. During 
the same period sixty patients with proved 
hyperparathyroidism have been observed. 
The first case of primary hypertrophy of the 
parathyroids was described by Rogers?® in 
1946 and the second case by Rogers, Keat- 
ing, Morlock and Barker.?® More detailed 
reports of the third and fourth cases are now 
in the press. A brief summary of the four 
cases follows: 


CASE REPORTS 


CasE I (reported by Rogers”®). The patient 
was a man aged fifty-three. He was admitted 
June 4, 1945. Gastrointestinal symptoms, man- 
ifested by vomiting and epigastric pain, had 
been present for two years. Roentgenologic 
examination visualized a duodenal ulcer. Vomit- 
ing increased with institution of Sippy diet and 
ulcer regimen. Gastric resection was performed 
because of the duodenal ulcer. Vomiting reap- 
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peared three days after the operation. This 
persisted and uremia developed before death. 
Death occurred July 10, 1945. 

At necropsy, parathyroid hyperplasia was 
observed. There was asymmetrical enlargement; 
besides the four normal parathyroid glands 
there were five accessory glands. The largest 
gland weighed 14.9 Gm. and their total weight 
was 20.32 Gm. Histologically, all of the cells 
were large, clear cells arranged in masses, cords 
and at times in an alveolar pattern. There was 
metastatic calcification of the dura mater and 
nephrocalcinosis. No osseous changes could 
be demonstrated. Because hyperparathyroidism 
had not been suspected during life, no data were 
observed on values of calcium and phosphorus 
in serum or urine. The necropsy findings, how- 
ever, were regarded as strongly suggestive of 
hyperparathyroidism. 

CasE 11 (reported by Rogers, Keating, Mor- 
lock and Barker**). The patient was a man 
sixty-eight years old whose final admission was 
on October 1, 1945; he had gangrene of the left 
great toe. In 1919, gastro-enterostomy had been 
performed for a duodenal ulcer. In 1943, pain 
in the right foot, hip, ankles, knees and shoulders 
developed. In May, 1945, there was recurrence 
of epigastric pain, nausea and vomiting. Poly- 
dipsia and polyuria developed four months 
prior to last admission. Urea was elevated at 
the time of admission and rose from 182 to 
258 mg. per 100 cc. of blood. Death occurred 
October 5, 1945. 

At necropsy there was parathyroid hyper- 
trophy. Six parathyroid glands were identified. 
The enlargement was fairly symmetrical, the 
two largest glands weighing 30.9 Gm. and 14.2 
Gm., respectively. The total weight of the para- 
thyroid glands was 47.56 Gm. Histologically, 
all of the glands were composed of large, water- 
clear cells. Nephrocalcinosis and multiple pan- 
creatic calculi were present. ‘There was osteitis 
fibrosa. A peculiar calcification of the intimal 
elastic lamina was present in many of the 
arteries. In this instance, as in the preceding, 
hyperparathyroidism was not suspected before 
the patient’s death and clinical confirmation of 
its existence was not obtained. Hyperpara- 
thyroidism can be assumed with reasonable 
certainty from the necropsy findings. 
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CasE ur (Case Lv, reported by Black 
and Sprague’). The patient was a woman, 
forty-eight years of age, who registered at the 
clinic May 7, 1946, complaining of pain in the 
right hip and both legs of two years’ duration. 
Examination disclosed multiple renal calculi in 
the right kidney and generalized osteitis fibrosa 
cystica. The concentration of calcium in the 
serum was 12.4 mg. per 100 cc.; inorganic 
phosphorus, 0.9 mg. per 100 cc. and alkaline 
phosphatase, 5.7 Bodansky units. Serum proteins 
were 6.9 Gm. per 100 cc. and the Sulkowitch 
test suggested pronounced hypercalciuria. 

Operation was performed May 25th by Dr. 
Black. On the right side a large mass weighing 
50 Gm. was found. It was located behind the 
right lobe of the thyroid and extended from the 
level of the superior pole well into the superior 
mediastinum. It was lobulated and had many 
small projections on its surface. Its form gave 
the impression of an upper and a lower portion; 
since no other mass was found on the right it was 
assumed that this may have represented both 
the upper and the lower gland. On the left side 
two masses of similar tissue were found; an 
upper mass estimated to weigh about 300 mg. 
and a lower mass weighing 4 Gm. All, except 
the left upper mass, were removed and were 
found on examination to consist entirely of 
typical water-clear cells of primary hyperplasia. 

The postoperative course was essentially un- 
eventful except for mild paresthesias on the 
third day. The serum calcium twenty-four 
hours after operation was 9.3 mg. per 100 cc. 
and two months later it was still normal. 

Case Iv (Case xix, to be reported by Pember- 
ton and Keating**). The patient was first seen 
in 1940, at the age of thirty-one. He had had 
recurrent renal stones since 1936 and a recurrent 
duodenal ulcer since 1937. At the time of his 
first admission in 1940, right pyelolithotomy 
was performed for the removal of numerous 
calcium oxalate stones. The serum calcium at 
this time was 10.8 mg. per 100 cc. but a diag- 
nosis of hyperparathyroidism was not suspected. 
He returned in 1943, because of recurring left 
renal colic. The serum calcium at this time 
was 11.5 mg. per 100 cc.; serum phosphorus, 
2.4 mg. per 100 cc.; alkaline phosphatase, 
2.8 mg. Bodansky units and serum proteins, 
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7.1 Gm. per 100 cc. The average daily excretion 
of calcium with the patient on a weighed diet 
was 211 mg. There was no evidence of skeletal 
disease. 

An operation was performed July 8, 1943, by 
Dr. Pemberton. A soft parathyroid tumor was 
found behind the upper pole of the right lobe 
of the thyroid. It measured 2.5 by 1.0 by 0.75 
cm. Because of its unusually soft consistency, 
Dr. Pemberton suggested the possibility that it 
might be hyperplastic. However, exploration 
did not disclose any other parathyroid tissue and 
the pathologic report made at the time was 


parathyroid adenoma. 


The patient had an uneventful postoperative 
course. However, the abnormalities observed in 
the chemical composition of the blood and urine 
persisted unchanged and the presence of more 
hyperfunctioning parathyroid tissue was sus- 
pected. A low calcium, low phosphorus diet was 
prescribed and the patient was advised to return 
for periodic observation, which he did. For the 
next two years he remained well, despite the 
persistence of mild hypercalcemia. The average 
serum calcium was 10.5 mg. per 100 cc. and 
hypercalciuria was present (average daily 
excretion 182 mg.). The urinary tract remained 
normal. In the absence of further symptoms, 
neither the patient nor his physicians were 
anxious to resume the search for another para- 
thyroid tumor, particularly when it was be- 
lieved that mediastinal exploration would be 
required. | 

In February, 1946, the patient again began 
to have right renal colic. He returned for further 
examination in June and was found to have a 
stone 1 cm. in diameter in the pelvis of the right 
kidney with extensive destruction of the renal 
parenchyma. The serum calcium was 10.5 mg. 
per 100 cc.; serum phosphorus, 2.7 mg. per 
100 cc. and the excretion of calcium 254 mg. 
per day. No evidence of bone disease was found. 

A clinical diagnosis of persistent hyperpara- 
thyroidism was made and further operation was 
advised because of the extensive renal damage 
which the previous policy of temporizing had 
permitted. It was assumed that another para- 
thyroid tumor would be found but because of 
our recent experience with Case m1, the sections 
of the first tumor were reviewed before operation 
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and found to be typical of primary hyperplasia. 
At operation (July 3, 1946) an enlarged, left 
_ upper parathyroid was found, another enlarged 
gland was found at the left lower pole and a 
small gland was found in the right inferior 
position. The left superior mass was resected, 
leaving a tiny tag of tissue behind. The resected 
portion weighed 250 mg. The left inferior mass 
was entirely removed and found to weigh 
200 mg. The small right inferior mass was also 
removed. Histologically, the vast majority of 
cells in all parathyroid tissue removed were 
large, clear cells but a few small nests of chief 
cells were identified in two of the glands. * 


Postoperatively, the patient had moderate 


discomfort from paresthesias and _ exhibited 
positive Chvostek and Trousseau signs. No 
treatment was required for tetany. The serum 
calcium fell to 8.0 mg. per 100 cc. and the 
serum phosphorus rose to 4.5 mg. per 100 cc. 
Hypercalciuria persisted, however, the last 
determination before dismissal being 150 mg. 
per day. 


ANATOMIC CONSIDERATIONS 


The gross appearance of the parathyroid 
glands in those patients with primary hyper- 
plasia is frequently characterized by the 
presence of cysts and pseudopods. This was 
demonstrated in those cases reported from 
the Massachusetts General Hospital and 
was likewise present in three of the four 
patients seen at the Mayo Clinic. The total 
weight of the parathyroid tissue may vary 
greatly, from 2 or 3 Gm. in one patient to 
others in which the weight exceeded 50 Gm. 
The greatest recorded weight of 70 Gm. 
occurred in Paul’s® case. While enlargement 
of all parathyroid glands is characteristic of 
primary hyperplasia this enlargement may 
be minimal in several of the glands and ex- 
treme in the remainder. In our second pa- 


* Hellstré6m and Wahlgren! noted similar nests of 
chief cells in what otherwise appears to have been 
typical primary parathyroid hyperplasia. In Hellstrém 
and Wahlgren’s patient this observation was made at 
necropsy twelve years after surgical resection of two 
glands; in both their patient and ours, nests of chief cells 
followed surgical resection. 
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tient fairly symmetrical enlargement of the 
parathyroid glands on each side was ob- 
served; in our third, asymmetrical enlarge- 
ment was present with the largest mass 
(which was believed to be a fusion of the 


_ right superior and the right inferior para- 


thyroid gland) weighing 50 Gm. In this case 
the left inferior parathyroid gland weighed 
4 Gm. and the left superior parathyroid 
gland was estimated to weigh 300 mg. 
Smaller degrees of enlargement, however, 
are of clinical importance, for in our fourth 
patient removal of two glands weighing 250 
mg. and 200 mg., respectively, was sufficient 
to relieve persistent chemical and clinical 
evidences of hyperparathyroidism. 

In the cases reported elsewhere, as in our 
own, primary hyperplasia of the parathy- 
roid glands exhibits a basic histologic pat- 
tern. Nevertheless, our four patients show 
some minor variations from the basic pat- 
tern. These variations in appearance may be 
demonstrable in different glands from the 
same patient. 

The most constant feature is the presence 
of very large clear cells,* the diameters of 
which range from 10 to 40 microns, which 
formed the major part of all glands in our 
patients. However, these cells may vary 
markedly in size so that in some regions they 
do not appear much larger than the water- 
clear cells found in small numbers in normal 
parathyroid tissues. In most regions the 
cytoplasm is water-clear but in some cells 
small eosinophilic granules and fine strands 
are present. The nucleus is for the most part 
constant in size and averages about 6 to 7 
microns; however, some nuclei are larger 


*The terms wasserhelle and large water-clear cells 
have both been used interchangeably in this report to 
describe the histologic appearance of the cells in primary 
hyperplasia. Most of the older papers, especially those 
written in German, refer to wasserhelle Zellen. Inasmuch 
as they are probably derived from chief cells and do not 
represent embryologically distinct cells, there does not 
appear to be any value in the retention of the term 
wasserhelle. It seems preferable, therefore, to speak of 
these cells as large clear cells. 


Fic. 1a, Primary parathyroid hyperplasia 
(Case mm); alveolar pattern (X 115); 4, 
higher magnification with typical large, 
water-clear cells ( 350). 


(8 to 9 microns), but none reach the size of 
the giant nuclei sometimes seen in adenomas. 
The basal orientation of the nuclei is one of 
the most constant features. 

There is some variation in the grouping of 
the cells. Four distinct patterns may be 
found, with one gland frequently showing 
more than one of them. The first and most 
characteristic pattern is an alveolar arrange- 
ment. The water-clear cells form a lacelike 
pattern in which one is able to see only the 
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Fic. 2a, Primary parathyroid hyperplasia 
(Case 11). Pseudoglandular pattern (X 115); 
b, higher magnification with basally oriented 
nuclei (XX 350). 


nucleus and the fine eosinophilic cell mem- 
brane. (Fig. 1 a and 6.) There may be rup- 
ture of the basement membrane, producing a 
picture somewhat like that of pulmonary 
emphysema. This was first described by 
Castleman and Mallory.” The second pat- 
tern is characterized by grouping of cells 
into a pseudoglandular formation. Here, the 
basally oriented nuclei give a characteristic 
appearance. (Fig. 2 a and 5b.) The third 
pattern is a more compact arrangement of 
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Fic. 3. Primary parathyroid hyperplasia 
(Case 1); compact pattern (X 350). 


the cells which is a relatively uncommon 


grouping. The cells here are smaller and 


there is more eosinophilic material within 
the cytoplasm, although the water-clear 
nature of the cells is readily identified. (Fig. 
3.) The fourth pattern shows varying sized 
cysts and hemorrhage within these. (Fig. 4 a 
and 6b.) The connective tissue in most re- 
gions is sparse, appearing as delicate strands 
of reticulum lying between the epithelial 
cells and nearby capillaries. In other re- 
gions the connective tissue increases in 
density greatly, separating epithelial cells 
and capillaries. Chief cells were absent in 
all our patients except the fourth one (Fig. 
5 a and bd), where a few nests were identified. 


HYPERTROPHY VERSUS HYPERPLASIA 


Albright and his associates have suggested 
that the pathologic condition of the para- 
thyroids under discussion is largely,?® or 
entirely”? due to hypertrophy. The chief cell 
of the normal parathyroid gland, according 
to Castleman and Mallory,'’ has a mean 
diameter of 7 microns. Albright and his 
associates”":?® have stated that the cells in 
primary hyperplasia have a diameter four to 
five times the normal diameter. Since, as 
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Fic. 4a, Primary parathyroid hyperplasia 
(Case 1); cystic pattern; two portions of cysts 
in upper and lower portion, filled with ery- 
throcytes (X 115); 5, higher magnification of 
upper portion reveals edge of cyst lined by 
cells with basally oriented nuclei. The cyst is 
filled with erythrocytes (X 350). 


they pointed out, the volume of a sphere 
increases as the cube of the radius, one 
could expect simple hypertrophy alone to 
account for an increase in the volume of 
parathyroid tissue up to sixty-four or one 
hundred twenty-five fold. Since the weights 
of the parathyroid glands in their patients 
varied from thirty to one hundred forty 
times normal, they believed that hyper- 


‘ 
= 
A 
a 
a 


Fic. 5a, Nests of chief cells in parathyroid 
glands from Case 1v (X 115); 6, higher 
magnification ( 350). 


trophy alone and not hyperplasia accounted 
for the enlargement. 

The parathyroid tissue from the two 
necropsy cases which we have presented 
weighed 20.32 and 47.56 Gm. respectively, 
while that from the two surgical cases 
weighed 54 and approximately 3 Gm., re- 
spectively, disregarding the tissue left at 
operation. [The mean weight of normal 
parathyroids is given as 117.6 mg. for men 
and 131.3 mg. for women.*® On the basis of 
these figures the glands in our patients are, 


m—Rogers, Keating 


in order, 170, 400, 410 and 26 times normal. 
After allowing for the cysts which they con- 
tain, the two largest are still too large to ex- 
plain by simple hypertrophy, even if one 
accepts Albright’s figure for a mean cell size 
of 40 microns. Moreover, direct measure- 
ment of mean cell size in these patients 
showed the mean diameter to be 21 microns, 
even though individual cells varied in size 
from 10 to 35 microns. The maximal in- 
crease in volume of parathyroid tissue which 
could be explained as hypertrophy alone 
was, therefore, twenty-seven times, which 
could have accounted for the weight ob- 
served in only the last patient. Further evi- 
dence in favor of hyperplasia is the fact that 
the total weights of the parathyroid tissue in 
our patients varied from 3 to 54 Gm., de- 
spite which the mean cell diameter was 20 
to 21 microns in all instances. If hyper- 
trophy alone, and not hyperplasia, was the 
cause of the parathyroid enlargement, one 
would expect a much greater mean cell 
diameter in those patients in whom there 
was the greatest mass of parathyroid tissue; 
this was not the case. The gross appearance 
of the glands was in itself suggestive of hy- 
perplasia, particularly in the case of the 
larger ones. Irregularities of form and shape 
and the numerous projections and pseudo- 
pods were more consistent with overgrowth 
of cells than with simple enlargement of pre- 
existing cells. We, therefore, believe the 
condition to be one of hypertrophy and 
hyperplasia, with the latter playing the pre- 
dominant rdle. 

Pathologically at least, primary hyper- 
plasia of the parathyroid glands appears to 
be analogous to the parenchymatous hy- 
pertrophy and hyperplasia of the thyroid 
which accompanies exophthalmic goiter 
and the adrenal cortical hyperplasia some- 
times encountered in Cushing’s disease. 
Whether (as in exophthalmic goiter) surgi- 
cal resection will be followed by further 
hyperplasia and recurrence in any substan- 
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tial proportion of patients will be an impor- 
tant question for future studies to settle. 
Albright’s experience with six patients did 
not disclose any tendency toward recurrence. 
He was impressed with the fact that the 
disease, once established, appeared to per- 
sist without appreciable variation and that 
conservative resection effected partial im- 
provement which, while inadequate, was 
sustained. In Hellstrém’s!? first patient, 
however, there was almost certainly recur- 
rence of parathyroid enlargement. At two 
operations in 1930 and 1931, two large, 
walnut-sized parathyroids were removed. A 
third, the size of a bean, was noted. At 
necropsy in 1942, two more very large 
glands were found which Hellstrém and 
Wahlgren'* stated must have enlarged in 
the interim. The data suggest, however, 
that the hyperparathyroidism persisted rath- 
er than recurred, since the postoperative 
values for calcium in serum remained 
somewhat elevated. 

Our short experience with two surgical 
cases has thrown no further light on this 
matter. It is noteworthy that in our Case Iv, 
a second operation disclosed three masses 
of parathyroid tissue which had not been 
observed at the initial exploration three 
years before. It might be argued that these 
masses had appeared as a consequence of 
hyperplasia after resection of the original 
relatively larger mass. The clinical course 
of the patient, however, did not favor this 
interpretation. Instead of the remission and 
recurrence which should have taken place 
if the foregoing explanation were valid, the 
patient had an unabated persistence of the 
original chemical abnormalities. The re- 
markable feature, in fact, is that no signifi- 
cant reduction of serum calcium or urinary 
calcium followed the resection of approxi- 
mately 3 Gm. of parathyroid tissue, whereas 
the subsequent removal of an additional 
450 mg. was followed by precipitate fall of 
serum calcium and symptoms of mild 
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tetany. The persistence of mild hypercal- 
ciuria, despite a normal serum calcium, 
is a disturbing feature which cannot thus 
far be explained. 

On the assumption that the condition was 
hypertrophy alone, Albright’s chief concern 
in the surgical management of these pa- 
tients has not been recurrence, but the fear 
that subtotal resection sufficient to control 
the disease might be followed by subsequent 
disappearance of hypertrophy in the rem- 
nant, which would leave the patient with 
an inadequate quantity of parathyroid 
tissue and perhaps with permanent para- 
thyroid insufficiency. There has not, to the 
best of our knowledge, been any evidence 
that this has occurred. 


MORPHOLOGIC DIAGNOSIS 


The gross and microscopic appearance 
of primary parathyroid hyperplasia must be 
differentiated from several entirely different 
pathologic entities which it somewhat re- 
sembles. These include hyperplasia of the 
chief cells of the parathyroid glands, 
metastasis of a renal cell carcinoma to the 
thyroid gland and adenoma of the para- 
thyroid glands composed of large clear 
(wasserhelle) cells. | 

There may be enlargement of all four 
parathyroid glands in long-standing renal 
insufficiency. This type of secondary hyper- 
plasia has been described by Castleman and 
Mallory.'? Histologically, the parathyroid 
glands in patients with secondary hyper- 
plasia due to renal insufficiency are com- 
posed of chief cells alone, or in combination 
with oxyphil cells, in contrast to the large 
water-clear cells seen in those patients with 


primary hypertrophy. The typical appear- 


ance of chief cell hyperplasia due to long- 
standing renal insufficiency is shown in 
Figure 6 a and 6b. This gland was removed 
at necropsy from a patient sixteen years of 
age. Renal infection had occurred at two 
years of age and the terminal concentration 
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Fic. 6a, Secondary parathyroid hyperplasia 
due to renal insufficiency; chief cells, at times 
vacuolated (X 120); 6, higher magnification 
of chief cells, a few revealing vacuolated 
cytoplasm (X 350). The small diameter of 
the cells is in marked contrast to the very 
large cells of primary hyperplasia. Compare 
with Figures 16, 26, 3 and 46 which are of the 
same magnification. 


of urea was 600 mg. per 100 cc. of blood. 
The findings of healed pyelonephritis and 
hyperplasia of parathyroid glands were 
present. 

Hyperplasia of chief cells indistinguisha- 
ble from that accompanying renal disease is 
also encountered in calcium deficiency states, 
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including rickets (avitaminosis D), osteo- 
malacia, sprue, pregnancy and lactation. 

Renal cell carcinoma with metastasis to 
the thyroid may cause confusion if only his- 
tologic sections of the thyroid are examined. 
Castleman and Mallory? have also empha- 
sized this and pointed out that the histologic 
appearance of primary hyperplasia of the 
parathyroid glands may resemble and ac- 
tually be misdiagnosed as metastatic renal 
cell carcinoma. Metastasis of a renal cell 
carcinoma to the thyroid is not common: 
Long and Black?! in 1945, were able to find 
only eleven recorded instances of its occur- 
rence. One of the most helpful differentiat- 
ing features histologically is the basally 
oriented smaller, darker nucleus of the cells 
in instances of primary hyperplasia. 

In the histologic diagnosis it is also to be 
considered that a parathyroid adenoma may 
consist almost entirely of large clear cells. 
Differentiation between an adenoma com- 
posed of large clear cells and primary 
hyperplasia of large clear cells depends on 
the demonstration of the enlargement of all 
parathyroid tissue in the case of the latter. 
The clinical course of Case tv illustrates the 
importance of this differentiation. Castle- 
man and Mallory? have reported one case of 
their own of an adenoma consisting solely 
of wasserhelle cells and cited eleven possible 
examples occurring in the literature. It is 
probable that the case originally reported 
by Wilder, Camp, Robertson and Adams?”* 
is an example of this. The patient was a 
woman forty-eight years of age. Bone mani- 
festations were marked and the alkaline 
phosphatase varied from 4 to 61.7 Bodansky 
units. At operation a tumor weighing 5 Gm. 
was removed. Histologically, it was com- 
posed almost entirely of cells with clear 
cytoplasm sometimes arranged in acinar 
formation. There was postoperative tetany 
followed later by severe gastrointestinal 
manifestations, including nausea, vomiting, 
cramps and diarrhea. These symptoms were 
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aggravated by administration of calcium 
and intravenous administration of sodium 
phosphate. Death occurred seventy-seven 
days after operation. At necropsy three 
enlarged parathyroid glands the size of a 
split pea were identified and histologically 
reported as being identical with the tumor 
which had been removed surgically. The 
bone changes were histologically consistent 
with osteitis fibrosa. Castleman and Mal- 
lory? reviewed this case (Case 127) in their 
series without having the opportunity of 
examining the slides and considered it an 
example of generalized hyperplasia of the 
clear-cell type. We have reviewed the his- 
tologic slides in this case. The gland re- 
moved at operation consisted entirely of 
large clear cells; however, in the glands 
removed at necropsy chief cells predomi- 
nated and large clear cells were in a minor- 
ity. We believe that this was an adenoma of 
one parathyroid gland of the wasserhelle cell 
type with secondary hyperplasia of the 
three remaining glands. * The coexistence of 
hyperfunctioning adenoma of one para- 
thyroid gland with secondary hyperplasia 
of the remainder in the absence of renal 
insufficiency is most unusual. Usually the 
nonadenomatous glands grossly are either 
normal or atrophic in appearance. It is 
possible, therefore, that hyperplasia took 
place in the remaining parathyroid tissue 
after surgical removal of the tumor. The 
secondary hyperplasia in this case may have 
been caused by the low blood calcium main- 
tained as a result of the extreme postopera- 
tive demands of the bones for calcium, or as 
a result of intravenous treatment with so- 
dium phosphate or both. In this connection 
it is interesting to note that secondary para- 
thyroid hyperplasia has been produced in 
rabbits by the parenteral administration of 
phosphate. ** 


*Dr. Benjamin Castleman kindly examined the 
slides in this case and was in entire agreement with this 
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Throughout this report the term “‘pri- 
mary” hyperplasia has been used to dis- 
tinguish the condition from secondary 
hyperplasia in which the histologic appear- 
ance is different. The use of the term 
primary seems justified at this time because ° 
the exciting cause is unknown. It is probable 
that an etiologic agent or agents may be 
found in the future and then the term pri- 
mary will no longer prove applicable. Al- 
bright and his associates! originally felt that 
the pituitary gland might well be the pri- 
mary stimulating factor but in a subsequent 
report?’ they expressed the belief that the 
etiologic factor is unknown. In only our 
first patient was the pituitary gland avail- 
able for study and it was histologically nor- 
mal; the adrenal glands were grossly and 
histologically normal in the first two patients 
and in none of our four subjects were there 
clinical manifestations of disturbed function 
of the pituitary. In a review of the literature, 
Pope and Aub* concluded “that the evi- 
dence for a relation between the parathy- 
roid glands and the anterior pituitary is 
neither consistent nor conclusive. If such a 
relation exists, it is probably not an ex- 
tremely close one, for the former appear to 
be able to function even when the anterior 
pituitary is removed.” 

In some instances of secondary parathy- 
roid hyperplasia, there is extensive vacuoli- 
zation of the cytoplasm of the chief cells, 
which like the hyperplastic process per se 
may represent a cellular response to the 
stimulus which induces hyperfunction (ele- 
vated serum phosphorus, lowered serum 
calcium or both?). In these instances the 
vacuolated cells resemble in size and nuclear 
characteristics the normal chief cell but their 
clear cytoplasm resembles that of the much 
larger water-clear cell of primary hyper- 
plasia. Perhaps the remarkable cellular 
changes in patients with primary hyper- 
plasia represent merely an extensive degree 
of the same type of response to stimulation; 
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in this case to a stimulus of unknown charac- 
ter and origin. 

The case reported by Lober, Hertzog and 
Rice*® is an example of vacuolization of chief 
cells in secondary parathyroid hyperplasia 
due to renal insufficiency. Their patient had 
hyperparathyroidism with osteitis fibrosa 
cystica. A parathyroid adenoma composed 
of chief cells was removed. Death from renal 
insufficiency occurred three years later. 
Nephrocalcinosis with tubular obstruction 
was marked. The parathyroid glands re- 
moved at necropsy were described as con- 
sisting almost entirely of wasserhelle cells, 
although the evidence in this case pointed 
to renal insufficiency as a cause for the en- 
largement. Measurements of cell diameters 
were not given and the magnification of the 
photomicrographs was not stated. Through 
the kindness of Dr. A. J. Hertzog we have 
had the opportunity of reviewing the slides. 
The mean diameter of the cells in the para- 
thyroid glands removed at necropsy was 
found to be 10 to 12 microns, with the 
largest cells not exceeding 15 to 16 microns. 
Their size is considerably smaller than that 
of the large water-clear cell typical of pri- 
mary hyperplasia. We agree with Lober, 
Hertzog and Rice that the glands examined 
at necropsy represent secondary hyperplasia 
due to renal insufficiency and believe the 
clearness of the cytoplasm represents vacuo- 
lization of chief cells as described by Castle- 
man and Mallory. We do not believe that 
they should be termed wasserhelle cells or 
confused with primary hyperplasia as they 
are much smaller. 


CLINICAL CONSIDERATIONS 


In the majority of the reported cases of 
primary hyperplasia the patients have had 
obvious hyperparathyroidism. Bergstrand® 


was the first to suggest that primary para- | 


thyroid hyperplasia is the counterpart in 
the parathyroids of exophthalmic goiter in 
the thyroid. At the present time this concept 
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appears to be justified. We believe that the 
histologic picture of primary hyperplasia 
always indicates a primary excess of para- 
thyroid hormone. However, it must be 
pointed out that in five (Cases 1, 1, In, IV, 
and xiv in Table 1) of the twenty-two 
cases reported elsewhere neither clinical 
nor pathologic evidences of hyperparathy- 
roidism were described. The first four 
of these reports appeared before 1925, 
when hyperparathyroidism was first de- 
scribed as a clinical entity and the fifth 
patient died before careful clinical‘appraisal 
could be concluded. As all five were ne- 
cropsy cases the absence of any notation 
regarding bone lesions or nephrolithiasis 
may be significant but such omissions do not 
exclude entirely the possibility that some 
degree of previous hyperparathyroidism 
might have been present in these instances 
also. In the first two cases reported from the 
clinic, hyperparathyroidism was not sus- 
pected or confirmed during life but the 
necropsy findings made a diagnosis of hy- 
perparathyroidism highly probable. 

It is important to consider whether the 
hyperparathyroidism resulting from _ pri- 
mary hyperplasia differs either qualitatively 
or quantitatively from that resulting from 
neoplastic lesions of the parathyroids. Keat- 
ing and Cook,*® on reviewing twenty- 
four cases of primary hyperparathyroidism 
(twenty-three of which were due to para- 
thyroid tumor) which were seen at the 
Mayo Clinic during a period of two and one- 
half years, found that in a third of them 
there was classical osteitis fibrosa cystica; 
in another third, there was minimal bone 
disease, and in a third there was no clinical 
evidence of bone disease whatever. In 
twenty-two of the twenty-four cases there 
was some degree of renal involvement. These 
observations agree closely with those of Al- 
bright and his associates but are in marked 
contrast to the majority of cases of hyper- 
parathyroidism reported from other sources. 
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In most published cases of hyperparathy- 
roidism there has been severe and usually 
extreme osteitis fibrosa cystica; despite Al- 
bright’s contributions, most other observers 
have not recognized the disease in the ab- 
sence of severe skeletal disease. We believe, 
as Albright does, that this is so because the 
disease is not intensively sought, as it should 
be, among patients presenting themselves be- 
cause of nephrolithiasis or nephrocalcinosis. 

In twenty-one of the twenty-six cases of 
primary hyperplasia there have been find- 
ings which warrant a diagnosis of hyper- 
parathyroidism; in nine of these classic 
osteitis fibrosa cystica has been present, in 
three there have been milder degrees of 
skeletal involvement evident only on his- 
tologic examination and in nine there has 
been no evidence of skeletal disease. In six- 
teen there has been nephrolithiasis, in four 
there has been nephrocalcinosis and in one 
there has been no evidence of renal disease. 
So far as present experience indicates, there- 
fore, there appears to be no reason to 
consider that the hyperparathyroidism of 
primary hyperplasia is qualitatively any 
different in its manifestations from that re- 
sulting from tumor. By the same token there 
are no clinical means by which a patient 
shown to have the clinical and chemical 
manifestations of hyperparathyroidism can 
be predicted to have hyperplasia instead of 
neoplasia; the surgeon must be prepared 
to encounter either lesion in every patient 
in whom exploration is performed for 
hyperparathyroidism. 

Analysis of the data available does not 
justify a definite conclusion that, in the ag- 
gregate, hyperplasia produces a less intense 
form of hyperparathyroidism than tumor 
but there are several reasons for inferring 
that this may be the case. In the first place, 
in only two of the earlier cases of osteitis 
fibrosa cystica due to hyperplasia did 
the bone disease reach the extreme, de- 
forming proportions described in many of 
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the cases due to parathyroid tumor. In the 
second place, it is noteworthy that in the 
impressive series of patients with hyperpara- 
thyroidism observed at the Massachusetts 
General Hospital, where careful study has 
led to the recognition of the disease in 
milder forms which presumably might have 
been overlooked elsewhere, parathyroid hy- 
perplasia has been encountered surgically 
seven timtes and accounts for approximately 
10 per cent of the patients having hyper- 
pdrathyroidism; in five of the seven patients 
there was no skeletal involvement. At the 
Mayo Clinic prior to 1943, hyperpara- 
thyroidism was diagnosed fourteen times 
in fourteen years; in all but one of the 
patients there was relatively severe bone 
disease and all were due to tumor. Since 
1943, as a result of careful search for the 
disease, particularly in patients who had 
renal stones, hyperparathyroidism has been 
encountered in forty-three surgical and 
three necropsy cases, the skeletal manifesta- 
tions of which have been, at least on the 
average, very much milder than those in 
earlier series. In two of the forty-three surgi- 
cal and two of the three necropsy cases the 
lesion has been primary hyperplasia. Our 
recent experience, therefore, has been com- 
parable with that of Albright. 

By contrast, only ten of all of the cases of 
hyperparathyroidism reported from other 
sources have proved to be due to hyper- 
plasia and only six of these, Beyerinck’s,'® 
the three of Hellstrém*‘* and those of ‘Thys- 
sen”* and Flink,?* have been surgical cases. 
When the milder and less extreme forms of 
hyperparathyroidism are sought, hyper- 
plasia would appear to account for 5 to 10 
per cent of the patients but in the literature 
as a whole it accounts for an insignificant 
fraction. 

In the two necropsy cases of primary hy- 
perplasia which we have reported, the chief 
manifestations which were afterward at- 
tributed to hyperparathyroidism were gas- 
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trointestinal. The possibility that these 
manifestations may complicate the treat- 
ment of hyperparathyroidism or may confuse 
the diagnosis, as well as their importance, 
has been emphasized earlier.**'?® The occur- 
rence of gastrointestinal manifestations prob- 
ably attributable to hyperparathyroidism in 
two of four patients who had hyperplasia 
might appear significant. However, of the 
twenty-two cases of hyperplasia ‘observed 
elsewhere, in only those of Paul® and Beye- 
rinck’® is the patient mentioned as having 
major gastrointestinal symptoms. It is curi- 
ous to note, however, that in three of our 
four cases of hyperplasia there were or had 
been active duodenal ulcers. We have noted 
the coexistence of duodenal ulcers in ap- 
proximately one third of all the patients 
with hyperparathyroidism who have been 
seen at the clinic. This association seems too 
frequent to be coincidence but one can only 
conjecture as to its meaning. 


SUMMARY 


Primary hyperplasia of the parathyroid 
glands is a distinct pathologic entity. 
T'wenty-two cases have been collected from 
the literature; the morphologic and clinical 
aspects of these and four additional cases 
seen at the Mayo Clinic have been discussed. 
Primary hyperplasia must be differentiated 
from parathyroid adenoma composed of 
clear cells, from metastatic renal cell car- 
cinoma to the thyroid and from secondary 
parathyroid hyperplasia. The question of 
hypertrophy versus hyperplasia has been 
discussed; evidence is given for assuming 
that both are present but that the latter 
predominates. The clinical implications 
of primary hyperplasia are discussed. In 
twenty-one of twenty-six patients primary 
hyperplasia was accompanied by primary 
hyperparathyroidism; it is probable that the 
condition always represents primary para- 
thyroid hyperfunction. 
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The Shoulder-Hand Syndrome’ 


Associated Painful Homolateral 
Disability of the Shoulder and Hand with Swelling and 
Atrophy of the Hand 


Otto STEINBROCKER, M.D. 
NEW YORK, NEW YORK 


HIS report is based on six patients, 
among over 200 cases of painful 
dysfunction of the shoulder, pre- 
senting the peculiar combination of painful 
shoulder disability with homolateral swelling 
of the hand. In five patients the swelling of 
the hand was followed by trophic changes. 
In almost every instance the condition had 
been diagnosed at some time or other as 
rheumatoid arthritis, usually of the atypical 
variety. Some of the patients had been 
treated with gold salts, radiation therapy 
and a variety of measures employed in 
rheumatoid disease. Other diagnoses were 
scleroderma, bursitis and periarthritis, in- 
fectious arthritis and scalenus anticus syn- 
drome. Whether the clinical picture about 
to be described is merely symptomatic of a 
complicated form of fibrositis in the shoulder 
and neck region, some vascular or neurolog- 
ical disturbance, particularly a sympathetic 
neuropathy, remains unestablished. Never- 
theless, owing to the distinctive diagnostic 
and prognostic features of this disorder it 
merits special emphasis, perhaps even 
classification as a separate entity. 

As far as can be discerned from our small 
series, the condition goes through three 
stages of evolution: The first consists of a 
painful disability of the shoulder with 
generalized swelling and stiffness of the 
hand and fingers appearing with acute 
painful onset or developing insidiously over 


three to six months. (Fig. 1.) Either the 
shoulder or hand symptoms may arise first, ° 
followed by involvement of the other part, 
or both may be affected simultaneously and 
gradually. The next phase, during another 
three to six months, consists of gradual relief 
of pain and dysfunction noticeable at the 
shoulder, accompanied as a rule by resolu- 
tion of the swelling of the hand. Stiffness 
and flexion deformity of the fingers, how- 
ever, become more pronounced as the 
swelling is absorbed. (Fig. 3.) Osteoporosis 
is increasingly distinguishable in films of 
the hand and shoulder. (Fig. 2.) The third 
stage of the picture then follows as trophic 
changes in the hand become noticeable. 
Limited flexion and stiffness of the fingers 
remain troublesome. Contracture of flexor 
tendons, especially on the ulnar side, oc- 
curred in four of the patients. This disabling 
and disfiguring feature has lasted five 
years in one patient and is still present in 
another after seven years. (Fig. 4.) The 
symptoms and signs follow a rather typical 
pattern in their development, character and 
resolution, varying merely as to severity 
and duration in individual cases. In the © 
mildest the whole clinical picture from on- 
set to recovery took ten months; the most 
severe case after 7 years still exhibits partial, 
and possibly irreversible, disability of the 
shoulcecr and hand with contractures of 
three fingers. 


* From the Arthritis Clinic and Medical Service, Bellevue Hospital, Fourth Division (N.Y.U.). Read insummary before 
the American Rheumatism Association, N.Y.C., May 24, 1946. 
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Fic. 1. (Mrs. I. B.) First stage of shoulder-hand syndrome: 
Diffuse swelling from wrist down over dorsum of hand and 
throughout the digits of three months’ duration; associated 
shoulder pain and disability of six months’ duration. 


Shoulder discomfort and limited motion 
in all directions resemble the symptoms in 
periarthritis. Diffuse tenderness about the 
joint is elicited during the period of involve- 
ment. Swelling of the shoulder area was 
seen in only one of the cases. The swelling 
of the hand develops below the wrist, is 
uniform and generalized over the meta- 
carpals and digits with little or no pitting. 
The hand may appear pinker than the 
opposite one and increased heat of the part 
may be demonstrated. Sometimes -the swol- 
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len tissues are pale or cyanotic. Stiffness of 
the articulations persists throughout the 
clinical course. Widespread tenderness to 
palpation is found but is no greater about 
the joints. When atrophy occurs, it seems 
to be due to a more or less uniform shrink- 
age of subcutaneous tissue and muscle in 
the hand and fingers. Contractures appear 
to be tendinous. An antecedent history of 
infection or trauma was obtained in only 
one of the patients, who gave a story of a 
mild ‘‘sprain of the shoulder’ before his 
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Fic. 2. X-ray films of hands and affected shoulder of patient in 
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Figure 1 showing decalcification of wrist and hand and some 


osteoporosis at humeral head. 


symptoms appeared. Five of the patients 
were under great emotional strain. Two 
showed moderate to severe osteoarthritis of 
the cervical spine. (Table 1.) 

Differential diagnosis requires exclusion 
of a number of similar conditions according 
to the stage of the disorder; most frequently 
atypical rheumatoid arthritis and, in the 
later phases, scalenus anticus syndrome and 
scleroderma. The only resemblance to the 
scalenus syndrome lies in the tenderness of 
the scalenus area, along with other points 


of soreness in the neck and shoulder and 
weakness of the grip. Injection of the scale- 
nus anticus muscle with procaine proved 
ineffective. The possibility that the swelling 
of the hand represents compression of an 
anomalous subclavian vein running beneath 
the muscle, instead of over it, was not con- 
firmed in one patient subjected toexploration. 

The appearance of the hand in the 
shoulder-hand syndrome is only suggestive 
of rheumatoid arthritis. The swelling of the 
hand and digits is uniform, affecting all of 
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them diffusely, instead of being limited to 
the periarticular area of one or several 
joints as in rheumatoid disease. The tender- 
ness to, palpation also is generalized and is 
elicited equally anywhere on the hand. The 
persistent homolateral involvement of the 
shoulder and hand without symptoms in 
other joints or even on the other side of the 
body is unlike the behavior of rheumatoid 
arthritis. When seen during the most florid 
stage the sedimentation rate was elevated 
in one of the six cases. 

A condition similar to this shoulder-hand 
disorder in almost every other detail, but 
usually affecting both hands in addition to 
one or both shoulders, has been described by 
Askey' and exhaustively by Johnson,” who 
termed the disorder post-infarction sclero- 
dactylia. These authors, among others, 
have reported its appearance three to six- 
teen weeks after myocardial infarction, or 
in association with symptoms of angina 
pectoris.’ Unfortunately, the electrocardio- 
grams of two of our patients seen eight and 
nine years ago are not available. All patients 
in our series, however, were free from any 
clinical signs of cardiac disease and gave no 
history of angina or infarction. Among the 
post-infarction patients reported in the 
literature, males predominated, while five 
of our six subjects were females. The thirty- 
nine patients of Johnson showed bilateral 
hand involvement. Some of the trophic 
terminal changes described and illustrated 
in post-infarction sclerodactylia were unlike 
those seen in our cases. 

The patients in this series developed no 
cardiac symptoms even during the course of 
extensive follow-up. The possibility of a 
preceding infarction cannot be excluded 
because the patients were not seen and 
electrocardiographic and clinical study was 
not carried out until what would have been 
a long period after the initial coronary oc- 
clusion. It is conceivable but unlikely that 
six consecutive patients would be seen with 
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Fic. 3. (Mrs. J. S.) Intermediate stage of the 
disorder of eight months’ duration; swelling of 
hand almost gone, flexion posture of fingers 
definite, trophic changes becoming noticeable; 
shoulder disability still present. Flexion de- 
formity of digits has lasted five years; shoulder 
function recovered about three months after 
this photograph was taken. 
silent infarctions without a history of some 
symptoms or of anginal complaints. Even 
from the meager information supplied by 
so few cases, one cannot help suspect under 
the circumstances that the shoulder-hand 
disorder may develop also in patients free 
from coronary disease. Its position in this 
respect may well be analogous to painful 
disability or periarthritis of the shoulder, as 
well as Dupuytren’s contracture. Each of 
these has been reported in a relatively high 
percentage of patients with angina pectoris 
or myocardial infarction. Yet they occur 
frequently in otherwise healthy individuals. 
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Fic. 4. (Mrs. M. B.) Terminal stage with contractures of fingers and residual shoulder disability seven 
years after onset; observed throughout typical stages of clinical picture. 


In our cases of the shoulder-hand syn- 
drome recovery occurred spontaneously by 
slow stages. The shoulder discomfort and 
disability subsided within three to twelve 
months. The swelling of the hand resolved 
within a similar period. ‘The trophic changes 
of the hand were more slowly replaced by 
normal appearance and function after 
approximately two years and four years in 
two patients. After seven years the changes 
still persist in another. One patient has been 
under observation for less than a year and 
has developed atrophy in the last two 
months. In the mildest case there was only 


muscle weakness which seems to have im- 
proved without any residual atrophy. One 
patient did not remain under observation 
after the initial study. 

Acute bone atrophy, causalgia, post- 
traumatic osteoporosis, reflex dystrophy or 
Sudek’s atrophy is suggested by this clinical 
picture.*~® The signs and osteoporosis were 
similar in many ways in our cases but they 
developed much more insidiously than in 
Sudek’s atrophy. The trauma or suppura- 
tion usually preceding the syndrome de- 
scribed by Sudek was lacking completely in 
five of our 6 patients. It is possible that 


TABLE I 
é History Cardiac Changes Duration 
Patient | Age | Sex | Occupation Side of ee ECG E.S.R. | Cervical Result of 
Affected | | Coronary Spine Hand 
History (Films) Disability 
A. J. 55 F | Housewife R | 0 0 Normal Normal | Moderate | Recovery 2 yr. 
J. S. 45 F | Housewife L 0 0 No record | Normal 0 Recovery 5 yr. 
Contracted 3, 4, 5 digits 
M. B. 58 F Housewife R 0 0 Normal 52 m.m. | Moderate | still present; slight resid- 7 yr. 
ual at shoulder 
M.R*i | 52 F | Housewife R 0 0 No record | Normal 0 Unknown Unknown 
j. P. 52 | Metal R “Sprain” 0 Normal Normal 0 Recovery; slight weakness | 10 mo. 
plater of hand muscles 
shoulder 
I. B. 49 F | Housewife L 0 0 0 Normal 0 Recovery; slight weakness | 18 mo. 
hand muscles 
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some minor trauma or torsion may have 
occurred without our patients’ noticing it, 
as surgeons have postulated in similar 
clinical pictures. It is just as likely that such 
an assumption merely leads us away from 
other causes ultimately to be established. 

A group of fourteen patients presenting 
swelling and atrophy of the hand, in many 
respects like our cases, has been reported 
by Oppenheimer.® Apparently his patients 
did not present the associated shoulder dis- 
ability. In all of the cases the upper cervical 
spine showed intraforaminal constriction 
by bony spurs to which the author attributed 
the clinical picture. Cervical osteoarthritic 
changes were found in only two of our pa- 
tients. It is possible the special radiographic 
technic employed by him would increase 
the number showing these peculiarities. 
The clinical course described differs in 
many ways from that of our patients. 

From this small series it appears that the 


shoulder-hand syndrome observed in the 


majority of our cases resembles in some fea- 
tures ‘“‘post-infarction sclerodactylia,” Su- 
dek’s atrophy, and the swollen atrophic 
hand with cervical osteoarthritis described 
by Oppenheimer. Yet it differs sufficiently 
to suggest a distinctive syndrome. These 
disorders probably have a common relation- 
ship in the neurovascular reflex mechanism 
which seems to underlie all of them. They 
may, therefore, represent variations of sym- 
pathetic and spinal reflex reactions to differ- 
ent etiologic factors: trauma, myocardial 
infarction, intraforaminal constriction by 
bony spurs and the “idiopathic”? group, as 
in our patients, in which the cause remains 
to be established. 

Treatment of the shoulder-hand syn- 
drome has not been extensive enough so 
far to permit of definite conclusions. Dia- 
thermy to the cervical spine and deep 
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x-ray therapy have been recommended by 
others.** In post-traumatic and other reflex 
dystrophies favorable results have been 
reported from paravertebral sympathetic 
nerve block and, in unresponsive cases, 
sympathetic nerve section.*~’ 


SUMMARY 


In the six patients described here the 
shoulder-hand syndrome proved to be a 
painful, disabling condition leading in some 
instances to long standing, and in one case 
possibly permanent, trophic changes of the 
hand. Its appearance requires thorough 
study of the patient and evaluation of the 
cardiac status. For the present it must be 
regarded in cases like ours as a non-trau- 
matic, non-cardiac, idiopathic disorder act- 
ing through a disturbed neurovascular me- 
chanism. If the differentiation of this clinical 
picture serves only to avoid unsuitable 
therapy and to provide a better insight into 
the prognosis, its recognition as a special 
entity is justified. 
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The Altered Response of Human Beings to 
the Intramuscular Administration of Typhoid 
Vaccine during Massive Salicylate Therapy’ 


B. V. JAGER, M.D. and MARGARET NICKERSON 
SALT LAKE CITY, UTAH 


HE parenteral administration of 


typhoid vaccine to normal subjects — 


usually results in the development 
of circulating antibodies to this organism. In 
addition, this toxic bacterial protein causes 
a transient rise in the plasma fibrinogen, the 
erythrocyte sedimentation rate and total 
leukocyte count as well as a transient de- 
crease in total lymphocytes. Often there are 
local reactions at the sites of injection. 
Systemic reactions also may occur. A rise in 
serum “gamma globulin” as determined 
chemically follows administration of the 
vaccine. In order to determine what modify- 
ing influences might result during salicylate 
medication, we have studied the effects of 
the injection of typhoid vaccine in a control 
group of eighteen adults as contrasted with 
fourteen patients receiving massive doses of 
salicylates. In all instances measurements 
of the formation of antibody to the typhoid 
organisms were performed. In several sub- 
jects in the group, additional studies in- 
cluded the frequent determinations of total 
serum protein, serum albumin, serum 
globulin, plasma fibrinogen, “‘gamma globu- 
lin,’ volume of packed red cells, erythrocyte 
sedimentation rate and total leukocyte and 
differential leukocyte count. From _ these 
measurements, it was hoped to gain fur- 
ther information as to the mode of action of 
salicylates. 


MATERIAL AND METHODS 


The control group of eighteen adults, 
eleven males and seven females, consisted 
of thirteen healthy hospital personnel, two 
patients with multiple sclerosis, one patient 
with arteriosclerotic heart disease and two 
patients with active rheumatic fever. Their 
ages ranged from twenty-one to forty-eight 
years. Nine of this group gave a history of 
previous injections of typhoid vaccine within 
five years prior to the present study while 
the other nine subjects denied having 
received typhoid vaccine or having had 
typhoid fever. 

In the group of fourteen individuals who 
were receiving massive salicylate therapy 
at the time of administration of the vaccine, 
there were nine females and five males 
whose ages ranged from nineteen to forty- 
one years. Eight of these patients had acute 
rheumatic fever; three, rheumatoid arthritis; 
two, dermatomyositis; and one was thought 
to have periarteritis nodosa. Nine of these 
patients had been immunized previously 
within the past five years with typhoid 
vaccine. In the entire group of fourteen 
subjects, salicylate medication had been 
administered for 7 to 132 days before the 
injections of typhoid vaccine for the present 
study. The plasma salicylate levels in the 
week preceding and for two weeks after 
administration of the antigen were main- 


* From the Department of Medicine, University of Utah School of Medicine, Salt Lake City, Utah. Aided in 
part by grants from the Physicians’ Research Fund of the University of Utah School of Medicine and the Fluid Re- 


search Fund of the Rockefeller Foundation. 
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tained between 300 and 410 micrograms 
per cc. of plasma in twelve of the fourteen 
patients and between 200 and 300 in the 
other two patients. Salicylate therapy was 
discontinued at intervals varying from 
sixteen to seventy days after immunization, 
the average duration of salicylate medica- 
tion being thirty-five days after the injec- 
tions of vaccine. 

‘The vaccine employed was stated to con- 
tain one billion typhoid and 500 million 
paratyphoid a and paratyphoid B organisms 
per cc. The protein content of the washed 
bacterial suspensions varied from 80 to 110 
micrograms of nitrogen per cc. Each subject 
received 1 cc. of this vaccine intramuscularly 
in the deltoid area. A second injection of 
1 cc. was administered forty-eight hours 
later in the same area. Each injection was 
made in the evening. 

The typhoid antibodies were measured 
with twofold dilutions of serum in saline, 
beginning with a dilution of 1:20 so that, 
after adding an equal volume of organisms 
the final volume of the initial dilution was 
1:40. The typhoid H antigen was prepared 
by treating a suspension of bacteria with 
0.2 per cent formalin while the O antigen 
was prepared by treatment of live organisms 
with ethyl alcohol. The original typhoid H 
antigen showed a definite agglutination in 
stock rabbit antiserum which was diluted 
to 1:5,120 but no visible agglutination in 
the next dilution. The original O antigen 
showed definite agglutination in a 1:640 
dilution of the antiserum but not in anti- 
serum diluted to 1:1,280. Each subsequent 
lot of antigen was tested with this same 
stock rabbit antiserum. No new antigens 
were employed which differed from the 
original antigens by more than one dilution 
in their sensitivity to agglutination in the 
stock rabbit antiserum. 

The serial dilutions of the sera to be 
examined plus the H or O antigen were 
placed in a water bath for five hours 
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at 56°c. The H antibodies were read 
immediately after incubation while the O 
antibodies were read after subsequent 
refrigeration at 4°c. for eighteen hours. In 
a few instances, the same sample of human 
serum was checked after storage to deter- 
mine the relative constancy of the antibody 
titer with different lots of antigens. The 
antibody titers for H antigen did not vary 
more than one dilution. The H antibodies 
are detected readily. The O antibodies, 
however, are more difficult to read and less 
accuracy was possible in their measurement. 
Following the administration of vaccine, 
antibody titers for sera were determined 
twice during the first week, thrice during the 
second week and, thereafter, once a week 
for many weeks. For convenience the anti- 
body titers are expressed as the reciprocals 
of the saline dilutions of the sera. Arbi- 
trarily we have considered sera with less 
antibody than 1:40 as containing no 
antibodies. 

In nearly all instances blood specimens 
for protein studies and for determination of 
erythrocyte sedimentation rate, leukocyte 
count and differential leukocyte count were 
drawn between 10 and 11 a.m. At least two 
samples of blood were examined in the two 
weeks interval prior to the administration 
of the vaccine. For this study, blood was 
withdrawn daily from the subjects for six 
days following injection of the vaccine, three 
times during the second week, twice during 
the third week and thereafter weekly tor 
periods of three to twelve weeks. Since the 
typhoid vaccine was administered in the 
evening, the initial blood specimens were 
obtained about 18 hours later. All glassware 
was chemically clean. Salicylate levels of 
the plasma were determined thrice weekly 
by the method of Brodie and coworkers.’ 
All protein measurements were made with 
the biuret method of Kingsley.” Lipemic 
sera were treated with ethyl ether before 
making a colorimeter reading. The plasma 
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fibrinogen was determined by the method 
of Cullen and Van Slyke*® by measuring the 
protein content of the clot of oxalated 
plasma. This was prepared by adding 1 cc. 
of plasma to 28 cc. of normal saline and 
1 cc. of 0.1 M calcium chloride. The serum 
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phoretically this fraction of Cohn contains 
3 per cent alpha globulin, 70 per cent beta 
globulin and 25 per cent gamma globulin).*® 
Moreover, the “‘gamma globulin”’ fraction 
as determined chemically with ammonium 
sulfate is found to be greatly increased in 


TABLE I 
STATISTICAL EVALUATION OF VARIOUS PROCEDURES AS CARRIED OUT IN NORMAL PERSONS 
2 eter- ota eviation rror 
Blood Constituent Per- Median of Range Method in 
sons | tions micigtiad Method Per Cent 
Total Protein Gm. per cent...... 29 218 6.94 | 6.20-7.59 | 5.60-7.99| +0.033 Gm.| +0.48% 
Albumin Gm. per cent.......... 21 166 4.43 | 4.00-4.89 | 3.50-5.49| +0.029 Gm.| +0.65% 
Total Globulin Gm. per cent..... 22 161 2.59 | 1.80-2.99 | 1.20-3.59 
Albumin: Total Globulin........ 22 162 1.85 | 1.40-2.39 | 1.20-3.59 7 
“Gamma” Globulin Mg. per cent.) 32 168 788 550-1049 | 500-1149 | +0.021Gm.} +2.66% 
‘““Gamma” Glob.: Total Prot... .. 165 11.4 | 8.5-13.9 7.0 -14.9 
Fibrinogen Mg. per cent......... 17 143 262 200— 329 | 170—- 349| +0.009Gm.| +3.44% 
Sedimentation Rate Mm. perhour.| 13 118 6.4 0-14.9 0-21.9 
Hematocrit Reading Cc. per cent.) 15 179 46.5 | 42.0-52.9 | 38.0-54.9 © 
White Blood Count cells per 
13 126 6882 | 5000-9999 | 4000-11999 
Lymphocytes cells perc. mm..... 8 54 2480 | 1600-3999 | 1200— 4399 


Standard deviation due to method calculated from triplicate determinations of serum from ten normal individuals. 


albumin and total globulin determinations 
were made with 23 per cent sodium sulfate, 
using the Howe method.‘ The initial two- 
fifths of the filtrate was discarded as recom- 
mended by Gutman and coworkers.* The 
‘“‘samma globulin’”’ fraction was obtained by 
adding saturated ammonium sulfate to 
undiluted serum to a saturation of 33 per 
cent. This was accomplished under con- 
trolled pH determinations (measured with 
glass electrode) and with care as to the 
rapidity of precipitation. This method has 
been described briefly elsewhere® and will 
be described in detail later.’ It is sufficient 
to state here that the 33 per cent ammonium 
sulfate precipitate of human sera contains 
certain antibodies present in Fraction u of 
Cohn (electrophoretically Cohn’s Fraction 1 
contains 98 per cent gamma globulin) while 
it contains no significant amount of other 
antibodies (typhoid O and isoagglutinins) 
present in Cohn’s Fraction m-1 (electro- 


certain diseases in which elevated gamma 
globulin values have been observed by 
electrophoretic studies. ‘The sedimentation 
rate of whole blood and the volume of 
packed red cells were determined by the 
method of Wintrobe.’ The sedimentation 
rates were not corrected for the presence 
of anemia for this was not present to any 
great extent in any subject used in this 
study. The total leukocyte counts were 
determined by counting four large squares 
of a standard counting chamber. Differen- 
tial leukocyte counts were performed by 
random selection of 100 leukocytes on blood 
smears drawn on glass cover slips and 
stained by Wright’s method. 

In Table 1 are given normal values for 
these procedures in our hands, using the 
methods mentioned above. A large number 
of determinations have been made on a 
relatively small number of controls. ‘This 
was done to determine the constancy of the 
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various constituents from day to day in a 
given individual. 

The addition in vitro of sodium salicylate 
in concentrations of 1,000 micrograms per 
cc. (expressed as salicylic acid) to whole 
serum or plasma and incubation for eighteen 
hours at 37°c. using sterile technic, failed 
to demonstrate that this amountof salicylate 
modified in any way the determination of 
antibody titer, plasma fibrinogen, total 
serum protein, albumin, globulin, or the 
serum “gamma globulin”? content as com- 
pared with serum or plasma incubated 
without salicylate. 


RESULTS 


Both the control subjects and the patients 
receiving sodium salicylate were subdivided 
into those who gave a history of having had 
previous typhoid vaccine and those who 
never had received this vaccine. In the 
latter group, failure to recollect vaccine 
administration previously, and the possi- 
bility of asymptomatic or unrecognized 
typhoid infection previously, could not be 
excluded. 

In the control subjects the initial intra- 
muscular injection of typhoid vaccine usu- 
ally was attended by a moderately severe 
local inflammatory reaction characterized 
by redness, heat and local discomfort. 
With the second injection forty-eight hours 
later, the local reactions invariably were 
less severe than after the initial injection. 
No distinct difference in intensity of local 
reaction could be detected in the nine con- 
trol subjects who had not been immunized 
previously (Group 1) as compared with the 
nine who had been immunized previously 
(Group 11). In one of nine members of 
Group 1 and in seven of nine subjects in 
Group ul, there occurred systemic reactions 
following the first or second injection. These 
consisted of headache, malaise, anorexia 
and fever usually lasting only twenty-four 
hours. In three of the ten subjects with 
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systemic reactions the temperature exceeded 
103°r. Systemic reactions were more fre- 
quent after the second injection than after 
the first. When systemic reactions followed 
the first injection, they became intensified 
after the second injection. 

By contrast, local reactions in the patients 
receiving salicylate medication were mild 
and short lived. Only three of these four- 
teen patients developed significant erythema 
and heat at the site of injection. No systemic 
reaction followed administration of the 
vaccine in any of the fourteen patients who 
were receiving salicylates. This included 
nine patients who had been immunized 
previously. 

The antibody response to the H antigen 
of the typhoid organism in the control 
subjects and in the patients receiving sodium 
salicylate showed considerable individual 
variation as regards time of appearance of 
antibodies, maximal antibody titers and 
duration of circulating antibodies. In the 
control subjects the initial rise in antibody 
titer usually appeared about the fifth day 
after injection of vaccine, reaching a maxi- 
mal titer at the end of one week, gradually 
falling thereafter. As illustrated in Figure 1 
and in Table n, the H antibody titer (mean 
values) rose much higher in those control 
subjects who had been immunized previ- 
ously with typhoid vaccine (Group m) than 
in those who had not (Group 1). Two sub- 
jects without previous immunization failed 
to develop any H antibodies with this pro- 
gram of immunization. In the nine controls 
who previously had been given typhoid 
vaccine, three had residual antibody titers 
of 40 to 160 at the time this experiment was 
begun. In no member of this previously im- 
munized group was an immediate increase 
of antibody to the H antigen observed in 
the specimen taken eighteen hours after the 
initial injection. All nine subjects in the 
group with a history of previous immuniza- 
tion developed significantly elevated titers 
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of antibodies to H antigen following vacci- 
nation. (Table 1.) 

Antibody titers to H antigen in the pa- 
tients receiving large doses of salicylates 
were much lower. (Fig. 1, Table um.) In 
those patients receiving salicylates who gave 
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typhoid vaccine. In the entire group of nine 
patients (Group Iv) the rise in antibody 
titer to H antigen was much less than that 
observed in the group of nine control sub- 
jects (Group 11) who had been immunized 
previously. Since the differences in the mean 


TABLE II 
NUMBER OF INSTANCES IN WHICH VARIOUS ANTIBODY TITERS WERE OBSERVED’ IN 
CONTROL SUBJECTS AND IN PATIENTS RECEIVING SALICYLATES 


: . Titer before 
Antibody Titer to Typhi H No Injection 
Group No Anti- 
Subjects 
40 80 160 320 640 | 1280 | 2560 | 5120 40 80 160 
I 9 7 7 7 5 4 2 0 0 2 0 0 0 
II 9 9 9 9 9 9 5 3 1 0 3 2 1 
III 5 1 1 0 0 0 ) 0 0 4 0 0 0 
IV 9 8 8 4 2 2 0 0 0 1 3 2 1 
‘ Titer before 
- Antibody Titer to Typhi O No Injection 
Group Anti- 
Subjects 
40 80 160 320 640 | 1280 | 2560 | 5120 40 80 160 
I 7 5 4 3 2 1 1 a 2 0 0 0 
II 8 8 7 4 3 3 0 O- 0 0 2 0 0 
III 3 2 1 1 0 0 0 0 0 1 0 0 0 
IV 5 5 4 3 0 0 0 0 0 0 2 0 0 
Group! = Control subjects not previously immunized. 


Group 1 = Control subjects previously immunized. 
Group 11 = Patients receiving salicylates not previously immunized. 
Group Iv = Patients receiving salicylates previously immunized. 


no history of previous antigen administra- 
tion (Group m1) none had antibodies prior 
to injection of the typhoid vaccine. Four 
of the five failed to develop any circulating 
antibody (less than forty) to the H antigen 
although two of these did develop low anti- 
body titers to the O antigen. In the nine 
patients receiving salicylate medication who 
gave a history of previous vaccine adminis- 
tration (Group Iv), three had antibody 
titers of 40 to 160 prior to the new injections 
of this substance. This appears significant 
inasmuch as these three patients had been 
receiving large doses of salicylates for at 
least four weeks before their injections of 


titers of antibody content in these two 
groups exceeded two dilutions, this finding 
appears significant. As we have indicated 
earlier, the expected error in the method 
does not exceed one dilution. 

Greater individual variation in antibody 
response to the O antigen than the H anti- 
gen was observed in all groups. Frequently 
this antibody appeared several days earlier 
than the H antibody and usually disap- 
peared more rapidly. In those controls who 
had been immunized previously, an appar- 
ent anamnestic response was encountered in 
three of the eight subjects in whom determi- 
nations of O antibody titer were made 18 
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hours after the initial injection of vaccine. 
This consisted of a rise in the antibody titer 
to values of 40 to 160. While the number of 
observations is small, the results as indicated 
in Table 2 suggest that some depression of 
O antibody formation occurred in the pa- 
tients receiving salicylate medication as 
opposed to the controls. 

During the course of salicylate therapy 
additional typhoid vaccine (1 cc. intramus- 
cularly) was administered to three patients 
(Group II, two patients; Group rv, 1 pa- 
tient) in whom the antibody response to the 
two injections of vaccine three to six weeks 
previously had been poor. In the two pa- 
tients from Group In, a rise in antibodies to 
H antigen occurred after this new injection. 
However, the maximal titer following the 
new injection still was less than that ob- 
served in the control group to whom only 
two injections had been given. In the subject 
from Group Iv, the rise in antibody titer 
following the new injection was slight and 
transient in character. 

Three patients in Group 1 and two pa- 
tients in Group tv received an additional 1 
cc. of typhoid vaccine intramuscularly one 
to four weeks after discontinuation of 
salicylate medication and two to ten weeks 
after the two previous injections had been 
given. In all five a rise in antibody titer 
occurred after the new injection and in four 
this reached a maximal titer which was 
above that encountered following the two 
injections which were given during the 
, course of salicylate therapy. In one patient, 
however, the rise in antibody titer to H 
antigen was very slight with this new injec- 
tion. Previously this patient had developed 
no antibodies to the H antigen. 

A few additional immunologic studies 
have been made. In three patients in whom 
initially there was a high antifibrinolysin 
content in the serum during active rheu- 
matic fever, no apparent reduction in titer 
occurred during a prolonged course of 
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salicylate therapy during which high plasma 
salicylate levels were maintained. The anti- 
fibrinolysin content of serum was per- 
formed by a slight modification of the 
method of Tillett.!° In two patients in whom 
Dick and Schick tests were negative prior to 


234567 8 
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Fic. 1. Group 1 comprises nine control sub- 
jects without a history of previous adminis- 
tration of vaccine. Group Il consists of 
nine control subjects who had been im- 
munized previously with typhoid vaccine. 
Group 11 consists of five patients, not previ- 
ously immunized, who were receiving large 
doses of salicylates while Group Iv is com- 
posed of nine patients receiving salicylate 
medication in whom previous immuniza- 
tion had been carried out. Note the striking 
difference in antibody titer in Group m as 
compared with Group Iv. “Av. Prec. 
T.A.B.” refers to the average titer of two 
determinations made prior to injection of 
vaccine. “T.A.B.” refers to the vaccine 
which consists of typhoid, paratyphoid A 
and paratyphoid B organisms. 


salicylate therapy, repetition of these tests 
during the third or fourth week of salicylate 
medication still resulted in negative tests. 
In a small group of controls and of pa- 
tients receiving salicylate medication, we 
have determined the total leukocyte count 
and the absolute numbers of lymphocytes 
per c. mm. daily for six days after injection 
and two to three times per week thereafter 
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for two subsequent weeks. Since no appar- 
ent differences in the behavior of the total 
leukocyte and lymphocyte counts were 
observed between those subjects who had 
been previously immunized and those who 
had not, we have not separated these groups. 


WHITE BLOOD COUNT 
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Fic. 2. The mean values for total leukocyte 
count and total number of lymphocytes per 
c.mm. in control subjects (Groups 1 and 1) 
and in patients receiving salicylate medica- 
tion (Groups m1 and tv) after administration 
of typhoid vaccine. Note the apparent greater 
leukocyte response in the control subjects as 
opposed to those receiving salicylate following 
injection of vaccine. It is uncertain whether 
the difference in the degree of reduction in 
numbers of lymphocytes in these two series 
is significant. (For explanation of groups, see 
Figure 1.) 


Total leukocyte counts were followed in 
eight controls and in four patients receiving 
salicylate medication following typhoid 
vaccine. As is indicated in Figure 2, there 
occurred a moderate rise in the leukocyte 
count eighteen hours after the initial injec- 
tion with no further rise following the second 
injection. The leukocyte count returned to 
its original level by the fourth day. By way 
of contrast, the leukocyte rise in the four 
patients receiving salicylate medication was 
smaller. 

In six controls and in four patients re- 
ceiving salicylates, the administration of 
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typhoid vaccine was followed by a decrease 
in the absolute numbers of lymphocytes per 
c. mm. following the initial injection of 
typhoid vaccine. The reduction in lympho- 
cytes was maximal at eighteen hours after 
the initial injection in the control group and 
eighteen hours after the second injection in 
the patients receiving salicylates. ‘The rise in 
the total leukocyte count at a time when the 
lymphocyte count was decreasing was at- 
tributable to an increased number of 
granulocytes. 

In nine control subjects and in seven pa- 


tients receiving salicylate medication, we 


have made simultaneous determinations of 
the plasma fibrinogen and the erythrocyte 
sedimentation rate following administration 
of typhoid vaccine. No differences were 
noted in the subjects who had been im- 
munized previously as opposed to those who 
were immunized for the first time. In the 
control group the rise in plasma fibrinogen 
was maximal thirty-six hours after the first 
injection and showed no further rise follow- 
ing the second injection. The fibrinogen re- 
turned to normal ranges within five days 
after the initial injection. No rise in plasma 
fibrinogen occurred in the patients receiving 
salicylates following administration of the 
typhoid organisms. (Fig. 3.) 

The erythrocyte sedimentation rate in the 
control group showed a maximal rise on the 
third day after the initial injection and fell 
to the initial level over a period of eleven 
days. (Fig. 3.) It is apparent that the ery- 
throcyte sedimentation rate lagged behind 
the plasma fibrinogen in the time required 
to attain the peak value as well as in the time 
taken to return to normal. 

As is illustrated in Figure 3, the mean 
value for plasma fibrinogen prior to injec- 
tion was slightly higher in the patients re- 
ceiving salicylate medication whereas the 
mean erythrocyte sedimentation rate was 
considerably higher in those patients re- 
ceiving salicylate medication than in the 
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controls. Actually the mean value in the pa- 
tients receiving salicylate medication dis- 
torts the truth inasmuch as five of the nine 
patients receiving salicylate medication had 
initial erythrocyte sedimentation rate and 
plasma fibrinogen values as low as the initial 
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sistent changes were observed in the total 
serum protein, serum albumin or total 
serum globulin after the typhoid vaccine. 
The serum “gamma globulin,” however, did 
increase following the first injection of ty- 
phoid vaccine in the control subjects. It re- 
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Fic. 3. Mean values for plasma fibrinogen and erythro- 
cyte sedimentation rate in nine control subjects of Groups 
1 and un, and in seven patients receiving salicylate medica- 
tion in Groups m1 and rv, following administration of 
typhoid vaccine. Note the greater increase in plasma 
fibrinogen and in erythrocyte sedimentation rate in the 


control subjects. 


values of the control subjects. In these five 
patients with normal values as in the four 
others in whom moderate elevation of fibrin- 
ogen and erythrocyte sedimentation rate 
occurred, there was no increase after ad- 
ministration of the vaccine. 

In the control group, a slight delayed de- 
crease in the volume of packed red cells 
occurred after administration of vaccine. In 
the group receiving salicylates the hemato- 
crit readings were not constantly depressed 
and showed no distinct trend. 

The total protein, albumin, globulin and 
‘“‘samma globulin” of the serum were deter- 
mined at frequent intervals after injections 
of typhoid vaccine in ten control subjects 
(five of Group 1; five of Group m) and in 
eight patients receiving salicylates (three of 


Group im and five of Group tv). No con- 
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turned to normal within seventy-two hours 
after the first injection. A secondary rise in 
this fraction was noted again from seven to 
nine days after the initial administration of 
typhoid vaccine. (Fig. 4.) In the patients 
receiving salicylate medication, no imme- 
diate or delayed rise in the “gamma globu- 
lin’? occurred. 

In Figure 5 we have depicted the varia- 
tions in the various components as deter- 
mined in ten healthy adults. In this group, 
blood specimens were taken once each week 
and the mean values for each week are indi- 
cated in the chart. It is apparent that the 
mean variations observed in this control 
group were much less than the changes oc- 
curring in the control subjects who received 
typhoid vaccine. In addition, we now have 
followed these various protein constituents 
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at weekly intervals in twenty normal indi- 
viduals for three months and have observed 
no variation comparable to that observed 
in the control subjects receiving typhoid 
vaccine. The same finding obtained for five 
control subjects in whom these determina- 
tions were made daily for six days. 
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by suitable parenteral routes in relatively 
large doses. 

It seems reasonable to ascribe to the toxic 
action of the bacterial proteins, the inflam- 
matory reaction observed at the site of in- 
jection. Why there is a less marked local 
reaction to a second injection of equal size 
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Fic. 4. Mean values for serum “‘gamma globulin” in ten 
control subjects from Groups 1 and 11 and in eight patients 
receiving salicylates in Groups 11 and tv after injections of 
vaccine. Note the immediate (second day) and delayed 
(sixth to tenth day) rises in ‘gamma globulin” in the 
control subjects after vaccination as opposed to the rela- 
tively slight change occurring in the patients receiving 
salicylate medication. (For explanation of groups, see 


Figure 1.) 


COMMENTS 


Before discussing the changes observed in 
the patients who received salicylates, it is 
important to consider the possible factors 
involved in the production of the changes 
that were observed after injection of typhoid 
organisms in the control subjects. The vac- 
cine employed, which is a mixture of anti- 
genic proteins, leads to the formation of 
specific antibodies. In addition, the vaccine 
contains bacterial proteins which may give 
rise to symptoms of sensitization in subjects 
who have received this substance previously. 
Finally, the bacterial proteins are toxic 
agents which, apart from any process of 
immunization or sensitization, produce local 
and systemic reactions when administered 


forty-eight hours later is not clear. In part 
the systemic reaction may be due to absorp- 
tion of toxic proteins although, as we have 
indicated, systemic reactions usually oc- 
curred only in those individuals who had 
received this vaccine at an earlier date. In 
individuals in whom typhoid vaccine is 
administered intravenously, febrile reac- 
tions and systemic symptoms occur regu- 
larly. A rise in the plasma fibrinogen and in 
the erythrocyte sedimentation rate which we 
observed in the control subjects after the 
injections of the typhoid organisms also has 
been reported by Ham.!! The increase in 
plasma fibrinogen is probably the most im- 
portant factor in the production of an eleva- 
ted erythrocyte sedimentation 
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However, as is illustrated in Figure 3, the 
increase in plasma fibrinogen alone does 
not explain entirely the observed elevation 
of the erythrocyte sedimentation rate in our 
cases since the elevation persisted after the 
plasma fibrinogen returned to normal. Con- 
tributing to the production of an elevated 
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group of nine patients who have no history 
of immunization with the other nine controls 
who had been immunized previously. Strik- 
ingly different was the incidence of systemic 
manifestations; these were observed in only 
one of nine of the previously non-immunized 
controls but were observed in seven of nine 
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Fic. 5. Mean values for plasma fibrinogen, erythrocyte 
sedimentation rate, serum “gamma globulin,” total 
leukocyte count and total lymphocyte count per c.mm. 
in ten control subjects. Each constituent was determined 
once weekly in each subject for six weeks. Note the rela- 
tive constancy of these mean determinations from week 


to week. 


erythrocyte sedimentation rate, apart from 
anemia, are increases in the globulin or 
lipid content of the plasma'’’’? and possibly 
other changes in plasma constituents. 

Favorite and Morgan,'*® who injected a 
purified somatic antigen of the typhoid 
bacillus intravenously into man and rabbits, 
observed a rapid rise in the total leukocyte 
count and in the numbers of granulocytes 
following the injection. It appears likely 
that the similar response which we observed 
after injection of typhoid vaccine intramus- 
cularly, resulted from the toxic action of 
bacterial proteins. 

The possible réle of bacterial sensitization 
such as might have resulted from previous 
injections of the typhoid vaccine, can be 
considered only by contrasting the control 


AMERICAN JOURNAL OF MEDICINE 


who had been immunized previously. The 
only other significant variation between 
these two control groups was the higher 
antibody titer in the sera of the previously 
immunized subjects after readministration 
of the vaccine. 

Before considering the changes observed in 
the ‘‘gamma globulin,”’ lymphocyte counts 
and antibody titers of the control subjects, it 
is useful to recall current concepts about the 
interrelation of these components. Evidence 
indicates that antibodies are formed in the 
lymphocytes of lymphoid tissues.'®'*?8 Anti- 
bodies present in blood are largely contained 
in the gamma globulin fraction although 
some are included in the beta globulin frac- 
tion as determined electrophoretically.*® It 
has been demonstrated that normal lympho- 
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cytes contain gamma globulin.'*?° White 
and Dougherty’’ reported that extracts of 
lymphoid cells from immunized animals 
contained a striking increase in gamma 
globulin. These investigators also have 
shown that adrenal cortical steroids when 
administered to animals, result in rapid de- 
pletion of lymphocytes in lymphoid tissue 
and in decreased numbers of circulating 
lymphocytes.” This is accompanied by a 
prompt increase in the total protein and 
gamma globulin fraction of serum.'? The 
stimulus for increased release of adrenal 
cortical steroids is initiated by adreno- 
trophic hormone which, when adminis- 
tered parenterally, produces changes com- 
parable to those observed after injections 
of adrenal cortical steroids.'? Moreover, 
various toxic chemical reagents and even 
injection of sheep cells into rabbits may 
give rise to pituitary-adrenal cortical stimu- 
lation as evidenced by a lymphopenia 
following injections of these substances.?? 
The cumulated evidence thus indicates that 
the lymphocytes are an important source 
for gamma globulin synthesis (including 
antibodies) and release of this protein frac- 
tion from the lymphoid tissue into the circu- 
lation is controlled in part, at least, by 
pituitary-adrenal cortical stimulation. After 
a single injection of either adrenal cortical 
steroids or adrenotrophic hormone, the 
lymphopenia, depletion of lymphoid tissue, 
increase in gamma globulin and in total 
serum protein is transient, the maximal ef- 
fect occurring before twelve hours and 
largely disappearing after twenty-four hours. 
With repeated injections, these changes 
tend to persist. 

Presumably a similar mechanism accounts 
for the lymphopenia that has been observed 
to occur in man in the period of three to 
twenty-four hours after intravenous admin- 
istration of various bacterial proteins. ** 

Dole, Watson and Rothbard?‘ observed 
that in beta hemolytic streptoccal infections, 
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there was a general correlation between the 
increase in gamma globulins as measured 
electrophoretically with the titer of anti- 
streptolysin although the increase in anti- 
streptolysin titer per se would not seem to be 
sufficient to account for the marked eleva- 
tion of the serum gamma globulin that was 
observed frequently in these patients. 

There is no conclusive evidence at the 
present time that all serum gamma globulin 
is derived from lymphocytes. Moreover, it 
is possible that protein depletion or other 
factors still unknown may impair antibody 
production without implying any defect 
in the lymphocyte mechanism in_in- 
instances where antibody production is 
impaired. '% 526 

As has been indicated, a decrease in total 
lymphocytes and a rise in “‘“gamma globu- 
lin’? was observed in the control subjects 
following administration of typhoid vaccine. 
This effect was greatest at the end of 
eighteen hours and rapidly disappeared 
thereafter. It is possible that even greater 
changes in these constituents might have 
occurred if similar studies had been made 
earlier than eighteen hours after injection 
of the vaccine. Without any significant 
change in the total lymphocytes per c. mm. 
a second rise in “‘gamma globulin” was 
observed on the ninth day and largely disap- 
peared by the eleventh day after adminis- 
tration of vaccine. (Fig. 4.) This secondary 
increase in “gamma globulin” coincides 
with the time of development of maximal 
circulating antibody titer to the typhi H 
antigen. This does not imply that the rise in 
‘‘samma globulin” on the ninth day was 
attributable wholly to an increase in anti- 
bodies to the typhi vaccine. This is even 
more apparent when it is noted that while 
the ‘“‘gamma globulin” returns to normal 
rapidly, the decrease in circulating anti- 
bodies to the typhi H antigen is slow, 
the high titers often persisting for: many 
weeks. 
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In the patients receiving massive doses of 
salicylates the observed changes occurring 
after administration of typhoid vaccine dif- 
fered strikingly from those noted in the con- 
trols. Local reactions were milder in the 
patients receiving salicylates. No systemic 
reaction occurred in any patient receiving 


salicylate medication after administration 


of the vaccine. This appears significant in- 
asmuch as seven of nine control subjects who 
had been immunized previously developed 
systemic reactions after readministration of 
vaccine while none of nine subjects receiving 
salicylates in whom immunization had been 
instituted previously developed any sys- 
temic reaction. There was no significant 
rise in the plasma fibrinogen, the total 
leukocyte count or the total number of 
granulocytes in the patients receiving salicy- 
late medication. Likewise, no significant in- 
crease in plasma fibrinogen or erythrocyte 
sedimentation rate, and no immediate or de- 
layed rise in ““gamma globulin” occurred in 
this group. It did appear that some reduc- 
tion in total lymphocytes per c. mm. fol- 
lowed the injection of the vaccine in the 
patients receiving salicylate medication. 
Antibody production appeared to be im- 
paired significantly in the patients receiving 
salicylates as opposed to the controls. 

Swift injected various antigens into rab- 
bits receiving large doses of salicylates and 
observed that circulating antibody produc- 
tion was impaired but not blocked com- 
pletely in these animals.?7 Homburger?® 
observed marked reduction of circulating 
antibody titer after administration of large 
doses of salicylates to rabbits and guinea 
pigs that were receiving injections of rhesus 
cells. In man, however, the evidence that 
salicylate medication impairs antibody pro- 
duction is equivocal. Perry”? found no im- 
pairment of antibody response following 
administration of typhoid vaccine to pa- 
tients who were receiving 2 to 3 Gm. of 
acetylsalicylic acid daily. Coburn and 
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Moore*® administered salicylate therapy 
prophylactically to groups of rheumatic 
subjects at a time when they developed beta 
hemolytic streptococcal pharyngitis. The 
dosage was 4 to 6 Gm. a day. The anti- 
streptolysin response in the group receiving 
salicylates was similar to that in a control 
group. Rantz, Boisvert and Spink*' treated 
a group of patients with hemolytic strep- 
tococcal pharyngitis with 10 Gm. of sodium 
salicylate daily for one week. This did not 
diminish the percentage of individuals ex- 
hibiting an antibody response and did not 
reduce the mean increase in antistreptolysin. 
With the exception of the latter study, the 
doses of salicylates employed may be con- 
sidered as inadequate to produce significant 
plasma salicylate levels. In no instance was 
mention made of determinations of the 
plasma salicylate level. Our own studies ap- 
pear to indicate that typhoid vaccine ad- 
ministered to patients in whom high plasma 
salicylate levels (300 to 400 micrograms per 
cc.) are maintained, evokes less circulating 
antibody production than occurs in control 
subjects. We did observe that circulating 
antibodies to the typhoid H antigen may 
persist during prolonged courses of salicylate 
medication in patients who have residual 
antibodies from previous typhoid vaccine 
administration. Here, however, renewed 
administration of antigen did not result in as 
great an increase in antibody titer as might 
be expected from the response of the anti- 
body titer in previously immunized control 
subjects to whom this vaccine was readmin- 
istered. The argument that the patients 
receiving salicylate medication might not 
be able to develop high antibody titers be- 
cause of their disease (rheumatic fever, 
rheumatoid arthritis, etc.) does not seem 
valid inasmuch as two subjects with acute 
rheumatic fever not treated with salicylate 
developed antibody titers as high as healthy 
control subjects after injection of typhoid 
antigen. 
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It is difficult to ascribe the differences in 
response to typhoid vaccine between the 
control group and the group receiving 
salicylate medication to any single mech- 
anism. A number of possibilities present 
themselves. 

The apparent failure to observe the 
changes in the salicylate group as opposed to 
the control group might be explained by 
assuming that the salicylate medication in 
some way modified the bacterial proteins so 
as to render them less toxic and less anti- 
genic. Swift?’ reported that incubation of 
typhoid organisms with salicylates prior to 
administration into rabbits receiving salicy- 
late medication resulted in less antibody 
formation than was observed in rabbits 
which were immunized with untreated anti- 
gen while receiving salicylates. He does not 
define clearly the concentration of salicylate 
which was employed in treating the typhoid 
organism but his statements suggest that it 
was a far higher concentration than could 
be obtained zn vivo. 

A further possibility is that the injected 
organisms and their toxins are removed 
more rapidly from the circulation than in 
the controls. Beeson*? observed that after 
repeated administration of typhoid organ- 
isms to rabbits, their febrile response became 
less with succeeding injections and was re- 
stored to its former magnitude when the 
reticulo-endothelial system was blocked by 
injections of thorotrast. This seemed to indi- 
cate that the reticulo-endothelial system 
removed the organisms more rapidly from 
the circulation in these hyperimmunized 
animals. At present we have no information 
as to whether or not salicylate medication 
stimulates the reticulo-endothelial system. 

The failure to observe a rise in serum 
‘“‘gamma globulin” and the impaired anti- 
body response in the patients receiving 
salicylate medication suggests impaired pro- 
duction of antibody by the lymphocytes 
either directly or indirectly through the 
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pituitary-adrenal cortical stimulation. As 
additional evidence it may be pointed out 
that we have observed in both normal 
subjects and in patients with acute rheu- 
matic fever or rheumatoid arthritis that 
prolonged administration of large doses of 
salicylates with maintenance of plasma 
salicylate levels above 300 micrograms per 
cc., produces a definite decrease in the 
serum ‘“‘gamma globulin’ as determined 
chemically.** This finding should be con- 
firmed with electrophoretic studies in order 
to preclude certain difficulties which might 
arise from qualitative changes in the 
proteins in patients receiving salicylate 
medication. 

Finally, there is a certain amount of evi- 
dence which indicates that salicylate medi- 
cation results in selective liver damage. It is 
conceivable that with impaired liver func- 
tion, the necessary precursors for antibody 
production may be lacking. The most strik- 
ing evidence of impaired liver function in 
patients receiving salicylates is the hypo- 
prothrombinemia which may occur. Else- 
where we have considered this problem and 
have presented other evidence for selective 
liver damage in patients receiving salicylate 
medication.**?° Recently, Rapoport and 
Guest*® reported that the decrease in plasma 
fibrinogen which frequently is observed in 
patients receiving salicylate medication is 
additional evidence of selective liver damage 
since this decrease in plasma fibrinogen also 
was noted in patients with diseases other 
than rheumatic fever while massive doses of 
salicylates were being administered. Our 
finding that the plasma fibrinogen does not 
rise after administration of typhoid vaccine 
would be in accord with this view. However, 
it is equally possible in our cases that the 
milder local reactions observed to occur in 
patients receiving salicylate medication 
after injection of typhoid vaccine might 
have afforded less stimulus for an increase 
in plasma fibrinogen. 
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CONCLUSIONS 


Typhoid vaccine was administered intra- 
muscularly to eighteen control subjects and 
to fourteen patients who were receiving 
massive salicylate therapy. 

Antibody formation to the typhoid H and 


O antigens was suppressed in the patients © 


receiving salicylate medication as opposed 
to the control subjects. 

Individuals receiving typhoid vaccine 
intramuscularly usually develop a transient 
leukocytosis with an increase in granulocytes 
and a lymphopenia. In addition, a rise in 
the plasma fibrinogen and in the erythro- 
cyte sedimentation rate occurs after injec- 
tion of vaccine. As determined chemically, 
the “‘gamma globulin”’ fraction of serum in- 
creases immediately following vaccine ad- 
ministration, returns rapidly to its original 
level and then rises again during the second 
week following vaccine administration. This 
secondary rise coincides with the develop- 
ment of the maximum antibody titer to the 
typhi H antigen. 

In patients receiving salicylate medica- 
tion, these changes do not occur or are slight 
in character following injection of vaccine. 

In patients previously immunized with 
typhoid vaccine, readministration frequently 
results in systemic reactions. No systemic 
reactions occurred, however, in previously 
immunized patients receiving salicylate 
medication when the vaccine was reinjected. 

Possible means whereby salicylate medi- 
cation alters the response to typhoid vaccine 
are considered. 


Dr. M. M. Wintrobe and Dr. George Sayers 
gave aid in the criticism of this manuscript. 
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Gastroscopy with Transparent Balloon’ 
Method for the Visualization of the ‘‘Blind Areas”’ 


HENRY COLCHER, M.D. 
NEW YORK, NEW YORK 


stomach can be visualized. There 
are, however, a number of important areas 
that cannot be seen. These are the so-called 
‘‘blind areas’’!? or ‘‘zones interdites.”’* The 
extent of these areas varies somewhat with 
the shape of the stomach and the conditions 
under which the examination is performed. 
Figure 1 is a schematic drawing of the 
stomach in the left lateral position with the 
usual blind areas labelled alphabetically. 
A description of the drawing follows: 

A represents the lesser curvature of the 
antrum. This area is often difficult to visual- 
ize because of the angulation of the stomach. 
The examination of the antrum is important 
since a great number of malignant lesions 
are situated in that region; B represents a 
small part of the greater curvature forming 
the lower pole of the stomach and a strip 
of the posterior wall on which the gastro- 
scope lies. This zone is often the site of the 
stoma of posterior gastroenterostomy where 
marginal ulcers may arise;* C illustrates a 
region high up in the fundus which is hidden 
from view. Unfortunately, this is an area 
which is also difficult to examine roent- 
genologically because manual compression 
of this portion is unsatisfactory; D repre- 
sents a small zone on the posterior wall near 
the cardia and 1 to 2 cm. of the lesser curva- 
ture immediately below the cardia where 
the objective is too close to the mucosa. The 
mucosa may be lifted somewhat by the de- 
vice suggested by Rogers.* This method may 


‘TH the flexible gastroscope (Wolf- 
\ \ Schindler) about four-fifths of the 


also be used for the examination of the pos- 
terior wall and greater curvature. (Fig. 1, 
zone B.) 

Of these four zones the “‘blind area”’ of 
the antrum is the most important as radiolo- 
gists are often unable to make a definite 
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Fic. 1. “Blind areas” of the stomach. The 
shaded areas, A, B, C and D, are seldom visu- 
alized during gastroscopic examination. 


diagnosis of the nature of craters seen in this 
region. Gastroscopic examination of this 
area during various phases of respiration 
with observation of the peristaltic move- 
ments may enable one to study the antrum 
to greater advantage.'**’ In the majority 
of instances, however, it is still impossible to 
visualize the lesser curvature satisfactorily. 
Berry® suggests that gastroscopy be per- 
formed with the patient in the right lateral 
position, since he observed in twenty-four 
examinations that “‘the visualization of the 
blind area of the antrum was improved in 


* From the Research Service, First (Columbia) Division, Goldwater Memorial Hospital, Department of Hospitals 
and the Department of Medicine, Columbia University, College of Physicians and Surgeons, New York, N.Y. 


AMERICAN JOURNAL OF MEDICINE 


i 

t 

{ 

i 

= 
= 
% 
423 


424 


Gastroscopy—Colcher 


Fic. 2. Wolf-Schindler gastroscope with attachments: balloon, 
catheter and insufflation bulb. Lower balloon contains approxi- 


mately 400 ml. of air. 


two-thirds of the cases.”” The right lateral 
position has disadvantages and the majority 
of gastroscopists prefer the left lateral posi- 
tion. In the present paper a modification 
of the gastroscopic technic is presented in an 
attempt to obtain better visualization of 
the lesser curvature of the antrum. The 
stomach is distended by inflating a rubber 
balloon attached to the lower end of the 
gastroscope. In this way the lesser curvature 
is straightened. 


METHOD AND RESULTS 


During the usual gastroscopic procedure 
air is injected through several small open- 
ings, situated immediately above the objec- 
tive, to separate the gastric walls. Small 
amounts of air are used to avoid discomfort, 


regurgitation through the cardia and inter- 
ference with peristalsis. 

The following modification of the gastro- 
scopic technic is suggested in order to ob- 
tain a more uniform distention of the 
stomach. A transparent rubber balloon is 
adapted to the tip of the gastroscope. The 
balloon covers the rubber finger, the electric 
bulb and the objective and is attached im- 
mediately above the latter. A non-collapsi- 
ble tube is necessary for the insufflation and 
withdrawal of air. A ureteral catheter 
(Eynard No. 8) with a rubber extension is 
attached to the shaft of the instrument. The 
gastroscope is introduced in the usual man- 
ner and 50 ml. of air injected into the bal- 
loon. (Fig. 2.) After the usual gastroscopic 
examination more air is introduced into the 
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Fic. 3. Anteroposterior view of a stomach containing a balloon distended with about 800 ml. of air. 
Note the position of the angulus (a) and the duodenal bulb (4). 
Fic. 4. Stomach distended with about 900 ml. of air; the lesser curvature is straight. 


balloon. The stomach is sufficiently dis- 
tended with about 500 to 800 ml. of airand 
becomes somewhat oval or spherical. The 
position of the pylorus varies with the 
amount of air and the degree of distention. 
By slowly withdrawing and rotating the 
gastroscope one can readily examine the 
antrum and then proceed upward to the cor- 
pus and fundus. The rugae are obliterated 
_by this degree of distention but reappear 
when the balloon is partially deflated. 
Figure 3 is a radiographic film taken in 
the anteroposterior position and shows the 
shape of the stomach containing a balloon 
inflated with approximately 800 ml. of air. 
The position of the angulus can be noted. 
There is a small amount of air in the duo- 
denal cap. 
Figure 4 represents a film taken with a 
larger balloon and a stomach tube kept 
semirigid by a wire in order to simulate a 
gastroscope. The stomach was distended 
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with about 900 ml. of air. The angulus is 
lifted by the balloon. 

Although our experience with this method 
is still limited, the following points have 
been noted. The attachment of the balloon- 
catheter unit to the gastroscope does not add 
to the difficulty of introduction of the gastro- 
scope. The lumen of the catheter being small, 
it is necessary to allow about one minute for 
the balloon to empty before withdrawing 
the instrument. The volume of air necessary 
to lift the angulus is approximately one- 
third to one-half the capacity of the average 
stomach and does not seem to add to the 
discomfort of the patient. The gastroscope 
can be moved around with ease in the in- 
flated stomach. The bulb and the objective 
are always protected by the rubber balloon; 
there is less danger of causing a gastric burn 
by a hot bulb. This method avoids the 
changing of views caused by peristalsis and 
escape of air through the pylorus or cardia. 
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The color of the mucosa and the character 
of the rugae can be studied, either at the 
beginning or at the end of the examination, 
using very little air. 

This method has been tested in thirteen 
patients. In all but one, the pylorus and the 
entire circumference of the antrum corpus 
were visualized, including the _ so-called 
blind areas A and B. (Fig. 1.) In one patient 
the pylorus was not seen and the angulus 
could not be lifted with the balloon contain- 
ing about 800 ml. of air. This patient had a 
cholecystectomy for cholelithiasis and chole- 
cystitis two years ago and at present has 
chronic myelogenous leukemia with hepato- 
megaly. These factors may have contributed 
to the failure of visualization of the pylorus. * 


SUMMARY 


The use of a transparent balloon attached 
to the lower end of a gastroscope is suggested 
for distention of the stomach. When in- 
flated it straightens the lesser curvature and 
thus makes possible a more complete gas- 
troscopic examination. 


* Since submission of the manuscript fourteen addi- 
tional patients were examined with this technic. The 
lesser curvature of the antrum and the pylorus were 
visualized in all fourteen cases. 


Gastroscopy—Colcher 


The hitherto blind areas on the lesser 
curvature of the antrum and the posterior 
wall of the corpus were visualized in twelve 
of thirteen patients. 


The author is indebted to Dr. Henry K. 
Taylor, Director of the Department of Radi- 
ology, Goldwater Memorial Hospital, for his 
invaluable help and guidance. He also wishes 
to express his thanks to Dr. Frank B. Berry, 
Director of the First Surgical Division, Bellevue 
Hospital, for the privilege of examining six 
patients from his Service and Dr. Robert H. 
Wylie for his generous cooperation. 
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Chemical Evaluation and Labeling of Protein 
Hydrolysates for Human Consumption’ 


F. HomBurGER, M.D. and N. F. Younc, Pu.p. 
NEW YORK, NEW YORK 


HE extensive use of protein hydroly- 
: sates in medicine and surgery and 
the fact that large quantities of these 
preparations are often administered creates 
a distinct need for exact knowledge of their 
composition.! The information given at 
present on the labels of many protein hy- 
drolysates is insufficient. It is the purpose of 
this paper to call attention to this fact and to 
suggest measures designed to ameliorate the 
present situation. 


METHODS 


The following studies were undertaken 
on samples of ten different brands of pro- 
tein hydrolysates. ‘Total nitrogen was esti- 
mated by the standard micro-Kjeldahl 


method, ammonia by aeration according to | 


Van Slyke? and creatine by Folin’s auto- 
clave method.* Total amino nitrogen was 
determined by five methods: (1) Nitrous 
acid method of Van Slyke;* (2) Albanese’s 
copper complex method;° (3) formol titra- 
tion (F,) under conditions dictated by 
general considerations; (4) formol titration 
(F,,) according to specific conditions given 
by Winton’ and (5) free amino nitrogen by 


the ninhydrin method of MacFayden and — 


Van Slyke.* Sodium and potassium were 
estimated by flame photometry.® Total 
phosphorus was determined by the method 
of Fiske and Subbarow.?° 


RESULTS 


The compositions of the hydrolysates 
studied are given in Table 1. It will be seen 


that fairly large discrepancies occur in 
amino nitrogen content as determined by 
different methods. In most cases the method 
used in determining the amino nitrogen 
content given on the label of the product is 
not specified. The figures in column F, 
represent, with one exception, the highest 


amino nitrogen values for a given product. 


Except for hydrolysates 3, 4 and 5, on 
which the label values for amino nitrogen 
are specified as having been obtained by 
the nitrous acid method, the crude formol 
figures (F,) correspond most closely to label 
figures. Because of the danger of falsely 
high values due to interference by phos- 
phates or constituents containing no amino 
nitrogen, the more refined formol titration 
figures (F,,) more nearly represent amino 
nitrogen. 

One product, No. 10, which is sold and 
advertised as a protein hydrolysate, actually 
contains only 7 per cent of the nitrogen in 
the form of amino nitrogen, of this 2.3 per 
cent is in the form of free amino acids. 

The ammonia and creatine values are 
reasonably uniform and low, the latter 
being somewhat high in those hydrolysates 
produced from animal sources. 

The sodium content of the hydrolysates 
varied over a wide range. In at least one 
product (No. 6), sodium chloride has been 
added, presumably to improve flavor. The 
potassium and phosphorus contents were 
excessive in no samples and were frequently 
very low. The contents probably reflect 
those of the protein sources. The content 


* From the Laboratory of Clinical Investigation, Sloan-Kettering Institute for Cancer Research, New York, N. Y. 
This work was aided by grants from the National Cancer Institute and the Teagle Fellowship Foundation. 
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of these minerals should be increased if 
the products are to be used as the sole 
source of protein. 


COMMENTS AND SUMMARY 


A study of the chemical composition of 
ten commercially available protein hydroly- 


Composition of Protein Hydrolysates—Homburger, Young 


precautions, has been found reliable for 
many years in a variety of materials. Newer 
methods, such as that developed by Alba- 
nese, should be given more extensive trial 
before adoption as a procedure for estab- 
lishing important food standards. Of the 
numerous colorimetric procedures, none is 


TABLE I 


CHEMICAL COMPOSITION OF TEN PROTEIN HYDROLYSATES AS INDICATED ON 


THE LABELS AND AS 


DETERMINED. ALL FIGURES ARE IN GM. PER CENT 


Total Mineral 
Nitrogen | Crea- Amino Composition 
tine | N 
monia Total Additions 
Nin- N |Naas 
12.0 | 12.0 | 0.06 | 0.46 | 6.4 | 6.0] 6.5 | 7.3 5.7 7.5 | 0.50 | 0.5 | Tr | 0.5 0 
2 | Beef blood 11.0 | 11.0 | 0.07 | 0.24 | 6.3 | 5.1 | 5.7 | 5.8 4.4; 6.0|046; 0.6|0.1] 0.4 0 
5 tein. .....- 12.8 | 13.0 | 0.04 | 0.27 | 4.4 | 3.1 | 3.5 | 3.5 1.6 3.0 | 0.24 3.1} Tr | 0.84 0 
4 | Casein....... 12.9 | 13.0 | 0.02 | 0.12 | 3.4] 3.1 | 3.0 | 3.6 2.3 3.0 | 0.24 5.3 | Tr | 0.85 0 
5 SG... ce ss 12.9 | 13.0 | 0.03 | 0.11 | 4.4 | 3.1 | 3.1 | 3.4 1.7 3.0 | 0.24 2.9 | Tr | 0.84 0 
6 | Casein....... S.9 .... 2.3 ... | 0.36 | 21.0 | 0.6 | 0.9 | Vitamins, iron, Ca, P 
7 |Lactalbumin...| 11.3 | 11.5 | 0.1 0.25 | 6.6 | 6.4 | 6.6 | 7.4 5.4) 7.510.57} 0.3} 0.1 | 0.14 0 
8 | Brewers’ yeast..| 11.5 | 11.5 | 0.2 0.12 | 2.6/4.0} 4.3 | 5.9 - 6.0 | 0.35 4.5 | 2.3 | 2.2 | B vitamins (natural) 
9 | Yeast, meat...| 6.6 6.8 | 0.15 |} 0.21 | 2.9} 2.8 | 3.0 | 3.2 2.5 3.6 | 0.44 0.4 | 2.4 |1.3 | Vitamins, 
carbohydrate 
10 | Beef, milk, 
wheat, yeast.| 7.5 7.2 | 0.32 | 0.10}0.51,0.510.7|}0.8] 0.3 0.07 4.8 | 1.7 | 0.74 | Carbohydrates 


* As labelled by manufacturer. 


+ As determined by the copper complex method (Cu), the nitrous acid method (NO2), formol titration according to Winton (Fw), formol titration 


by usual technic (Fs) and by the ninhydrin method. 


sates revealed that they vary widely in 
composition and that such variation is not 
always indicated by the labels. The applica- 
tion of a uniform method for the determina- 
tion of the amino nitrogen content is 
recommended so that a direct comparison 
among the various products is possible. 
Since the only reason for producing a 
hydrolysate is to degrade the protein to 
more readily available constituents with a 
higher amino nitrogen content, the physi- 
cian should be able to compare the com- 
mercial preparations in this respect. 

The formol titration method was found 
to be unreliable for the determination of the 
amino nitrogen content because it seemed 
to be influenced by the phosphate content 
as well as by other factors. The best method 
for the amino nitrogen determination would 
at present appear to be the nitrous acid 
method. This method, used with proper 


suitable since their application to a crude 
mixture yields unreliable results. The nin- 
hydrin method determines the free amino 
acids present rather than the amino nitro- 
gen content. 

As a further safeguard against the use of 
ineffective medication, the biologic value 
of these preparations in man should be 
tested and expressed in standardized form. 
The wide variation of sodium chloride con- 
tent in the hydrolysates studied indicates 
the desirability of a statement on the label 
of exactly how much salt any given product 
contains. If sufficient amounts of these 
products are given to supply 0.6 Gm. of 
nitrogen /day /Kg. during the postoperative 
phase, as has been recommended, excessive 
amounts of sodium chloride would be ad- 
ministered in some instances. 

The content of other minerals, such “as 
potassium, in these products should also 
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be indicated so that when they are used as 
the chief or exclusive source of nutriment 
the risk of depleting the patient of these 
minerals can be avoided. 
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Use of Protein Hydrolysates by Mouth’ 


F. HOMBURGER, M.D. 
NEW YORK, NEW YORK 


HERE is at present much confusion 

regarding the indications for the use 

of protein hydrolysates as well as in 
the choice of the hydrolysate best suited for 
each clinical problem. It is not always easy 
from a perusal of the advertising literature 
to decide whether a product is a protein 
hydrolysate, an amino acid mixture or a 
protein concentrate. It is the purpose of this 
paper to clarify the situation regarding the 
administration of protein derivatives by way 
of the gastrointestinal tract. 

Protein hydrolysates are obtained by the 
digestion of various proteins by chemical or 
enzymatic methods, 1.e., by acid or alkaline 
hydrolysis or by the use of pancreatic or 
other proteolytic enzymes. In this manner 
the protein is broken down into amino acids 
of which. the major part remain linked to 
each other in the form of di- or polypeptides, 
while a small fraction is present in the free 
state. A protein hydrolysate is thus clearly 
different from native protein, from protein 
concentrates and from mixtures of pure 
amino acids. 

The preparation of amino acid mixtures 
and of protein hydrolysates represents a 
great advance in medical and surgical thera- 
peutics, because such products have made 
possible intravenous feeding of the ‘“‘build- 
ing stones” of protoplasm in cases when 
parenteral nutrition is necessary; such treat- 
ment previously had been limited to carbo- 
hydrates, salt and fluids. The use of amino 
acid mixtures and protein hydrolysates by 
vein has been extensively studied and de- 


scribed in the literature and will not be 
dealt with in this communication.! There 
are definite indications for enteral adminis- 
tration of these products; but their scope of 
useful application, while important, is more 
narrow than that claimed in some commer- 
cial advertising. 


INDICATIONS FOR PROTEIN HYDROLYSATES 


In some patients the protein of the diet 
should be supplemented. In these instances 
it is usually preferable to use protein concen- 
trates rather than hydrolysates. In the pres- 
ence of intact digestive mechanisms there is 
no reason to prefer hydrolyzed to native 
protein,”’* except perhaps for smaller bulk. 
Furthermore, animal experiments seem to 
indicate that full proteins by mouth are- 
twice to three times more effective than 
protein hydrolysates by vein.‘ 

In a few instances protein hydrolysates 
provide the only means for the administra- 
tion of proteins. Among these are cases of 
resection of the head of the pancreas for 
carcinoma of that organ, sometimes asso- 
ciated with inability to digest proteins, and 
cases of impaired protein digestion in 
chronic pancreatitis. Patients with ulcera- 
tive colitis sometimes benefit from protein 
hydrolysates and in some cases of mechanical 
rearrangement of the intestine with short 
circuits following surgery they may be the 
only means of protein nutrition. There are 
other specific indications, such as the use of 
protein hydrolysates for the treatment of 
gastric ulcer and pylorospasm,* which will 


* From the Laboratory of Clinical Investigation, Sloan-Kettering Institute for Cancer Research, New York, 
N. Y. This study was aided by grants from the National Cancer Institute and the Teagle Fellowship Fund for Cancer 
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not be discussed here. In addition, one en- 
counters situations when large amounts of 
protein can best be administered in the 
hydrolyzed form. This is the case whenever 
large losses of nitrogen occur at a time when 
the patient is unable to eat native protein, as 
during periods of serious infection or follow- 
ing operation, especially surgery of the 
gastrointestinal tract. 


SPECIAL CONSIDERATIONS 


The following special considerations will 
deal primarily with the use of protein hy- 
drolysates in the postoperative phase. 

The aim of protein therapy in general is 
the administration of sufficient protein (ni- 
trogen) to obtain positive nitrogen balance. 
The nitrogen utilized serves to replenish 
deficient stores of tissue and circulating 
plasma proteins. It is apparently possible in 
certain instances to achieve positive nitrogen 
balance over a long period of time in hy- 
poproteinemic patients without obtaining 
any increase in the amount of plasma 
protein.® This emphasizes the necessity of 
following plasma protein regeneration di- 
rectly, by measuring the circulating plasma 
protein levels instead of relying on the 
administration of ‘“‘adequate amounts” of 
protein. Infusion of plasma may be neces- 
sary in addition to high protein feeding in 
order to restore plasma proteins to normal. 
The amounts of protein needed to replenish 
protein stores may be truly tremendous. 
Thus to insure optimal protein repletion in 
the postoperative phase as much as 0.6.Gm 
of nitrogen (3.75 Gm. of protein) per Kg. 
of body weight per day may be necessary.’ 
This is of the order of 200 to 250 Gm. of 
protein per day in patients of average 
weight. 

When, based upon the preceding con- 
siderations, such large amounts of protein 
hydrolysate are being given, the practitioner 
must be certain that the product used will 
give the best possible results and will not be 
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toxic in such large amounts. In this connec- 
tion it should be recalled that occasionally 
some hydrolysates may cause histamine-like 
reactions when given in large amounts. In 
at least one instance the administration of a 
hydrolysate (not now on the market) pro- 
duced renal colic with the appearance of 
large amounts of urinary sediment, the na- 
ture of which was not ascertained. 

To assure optimal results some properties 
of the hydrolysates have to be considered 
and a certain basic knowledge of nutritional 
physiology has to be applied. 

For instance, great losses of nitrogen will 


occur if large amounts of protein are being 


given unaccompanied by adequate amounts 
of energy sources such as carbohydrate and 
fat. In order to assure positive nitrogen 
balance these “‘protein sparers’’ have to be 
added. Such large amounts of carbohydrate 
in turn increase the demand for vitamins, 
especially those of the B complex, because 
of the catalytic réle of these vitamins in 
carbohydrate metabolism and in the utiliza- 
tion of amino acids. A safe and reasonable 
daily vitamin supplement is the following: 


Vitamin C......... 500 to 1,000 mg 
Thiamine.......... 20 to 40 mg. 
Riboflavin......... 20 to 40 mg. 
Vitamin A......... 15,000 U.S.P. units 
Vitamin D......... 1,500 U.S.P. units 


The vitamin supplement can be given with 
the hydrolysate by tube or by mouth, unless 
there is known impairment of absorption 
from the gastrointestinal tract, in which case 
it must be given parenterally. 

The amounts of minerals provided (usu- 
ally well covered in normal diets of average 
composition) should be carefully considered 
when the entire protein intake, or most of it, 
is derived from hydrolysates, and even more 
so when energy is supplied as pure sugar 
and vitamins in their synthetic form. Nor- 
mal average daily intakes of the various 
minerals are about as follows:'° 


= 
| 
| 
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0.34 Gm. 
1.58 Gm. 


Adequate amounts of minerals are neces- 
sary when the replacement of lost protein 
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optimal daily requirement of normal indi- 
viduals seems to be approximately 1 Gm. of 
protein per Kg. of body weight, whereas the 
requirement in the postoperative phase is 
considerably larger, about 0.6 Gm. of nitro- 
gen (3.75 Gm. of protein) per Kg. of body 
weight. The protein requirement also varies 
with the degree of depletion. Elman has 


TOTAL amino 
NITROGEN 


NaCl K Ca 


@) 


CASEIN HYDROLYSATE =) 


HYDROLYSATE (10) 


FULL CIRCLE = 100% OF STANDARD 


FULL CIRCLE = 100% OF DAILY AVERAGE INTAKE 


Fic. 1. Chemical composition of 350 Gm. 


stores is intended, not only because of daily 
maintenance requirements but also to pro- 
vide the building stones for the new proto- 
plasm the organism is expected to build from 
the protein offered. Since potassium, phos- 
phorus and sulfur enter the structure of 
protoplasm it is essential that all of these 
components be provided in addition to the 
amino acids and polypeptides. It is par- 
ticularly necessary to supply potassium for 
intracellular fluid and sodium for extracel- 
lular fluid since there is no reserve store of 
these elements comparable to the stores of 
calcium, phosphorus and magnesium in 
bone. How widely the composition of dif- 
ferent hydrolysates may vary with regard to 
nitrogen content and minerals is shown in 
Figure 1. 

The actual amount of protein required 
by each individual patient can be deter- 
mined accurately only by balance studies 
and measurements of plasma protein re- 
generation; it varies considerably. The 


of three different protein hydrolysates. 


outlined a practical method for determining 
the protein requirements of depleted pa- 
tients, based on the experimental work of 
Weech.'! Elman’s assumptions are as fol- 
lows: (1) The normal plasma albumin value 
is 4.5 Gm. per cent; (2) the normal plasma 
volume is one-twentieth of the actual body 
weight; (3) the loss of 1 Gm. of plasma 
albumin is equivalent to the loss of 30 Gm. 
of tissue protein; (4) about 50 per cent of 
the ingested protein will be utilized and (5) 
25 Gm. of protein are used for maintenance 
daily. The further assumption may be made 
that the total plasma protein deficit may be 
used as a criterion of depletion in those 
patients in whom it is not possible to obtain 
albumin values, since albumin usually com- 
prises the bulk of the plasma proteins lost.'! 
In this calculation a normal value of 7 Gm. 
per cent is assumed. The figures obtained 
from these calculations apply only to certain 
types of protein depletion and are at best 
only a rough guide for replacement therapy. 
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They will, however, fulfill the important 
service of illustrating that in most cases the 
amounts of protein needed are actually of a 
larger magnitude than is often realized. For 
example, a patient weighing 60 Kg. with a 
plasma protein of 5 Gm. per 100 ml. would 
have to be given 3,500 Gm. of protein to 
restore his tissue protein deficit. Twenty-five 
Gm. of protein would have to be added 
daily for maintenance while protein stores 
are being replenished. : | 

Careful evaluation of a protein hydroly- 
sate includes consideration of the biologic 
value of the original protein that was hy- 
drolyzed, the bacterial purity and the lack 
of toxicity of the final compound. 

In some commercial preparations, palata- 
bility is improved by the addition of salt. 
This may result in toxic doses of sodium 
chloride when enough of such a preparation 
is given to provide the full nitrogen require- 
ment in the postoperative phase. 


A study of the chemical composition of — 


some protein hydrolysates now commercially 
available has shown that the information 
given on the manufacturers’ label is often 
incomplete and that the methods by which 
it is obtained are not standardized. The 
importance of such factors and the inade- 
quacy of present standards for protein hy- 
drolysates have previously been discussed. '” 


DISCUSSION AND SUMMARY 


The use of protein hydrolysates should be 
limited to cases with clearcut indications 
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such as have been outlined in the preceding 
paragraphs. They should be employed with 
full consideration of the physiologic impli- 
cations of the use of such products. There is 
a wide variation in the composition of com- 
mercially available protein hydrolysates so 
that whenever large quantities are necessary 
a judicious choice of product is essential to 
avoid possible deleterious effects. 
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Review 


Contributions of Right Heart Catheterization 
to the Physiology of Congestive Heart 
Failure’ 


Dickinson W. RICHARDS, JR., M.D. 
NEW YORK, NEW YORK 


HE determination of cardiac output 
in man by the “‘direct Fick”’ princi- 
ple and the registration of pressures 
in the heart and great vessels through the 
technic of right heart catheterization’ 
have added significantly to the knowledge 
of the physiology of the human circulation, 
both normal and abnormal. This field is 
now under active investigation, with new 
observations constantly being made and 
ideas changing. It may be of interest, how- 
ever, to review some of the work that has 
been done during the last five years and con- 
sider some of the points of view that have 
been developed. The present discussion will 
compare the normal circulation with that 
in congestive heart failure: first, with 
respect to pressure relations in the systemic 
and pulmonary circuits;? second, with 
respect to total blood flow or cardiac output. 
Finally, these findings will be considered in 
relation to Starling’s law. 3 
The first of the facts to be established 
about the venous circulation in congestive 
heart failure through the catheterization 
technic was that the pressure gradient of 
3 mm. or 4 mm. Hg which exists in the nor- 
mal circulation between the peripheral 


(arm) vein and right auricle diminishes as 
soon as the venous pressure begins to rise in 
right-sided failure, and peripheral and cen- 
tral pressures then become and remain equal 
as the congestive state progresses.®’ This, as 
shown later by Ryder, Molle and Ferris, ® is 
due largely to the change in peripheral veins 
from the partially collapsed to the filled and 
distended state. 

More detailed study of pressures in the 
great veins and right side of the heart, espe- 
cially in relation to the events of the cardiac 
cycle and respiration, became possible with 
the application of pressure recording through 
the use of the Hamilton manometer.® 

Figure 1 shows a series of normal tracings 
recording by optical registration: (1) the 
electrocardiogram, (2) femoral artery pres- 
sure (by a Hamilton manometer connected 
to an indwelling arterial needle) and (3) 
intracardiac pressures. Section A shows a 
right auricular pressure tracing; Section B, 
in its first half, shows a right ventricular 
tracing and Section C shows a right auricu- 
lar tracing during moderately increased 
respiration, also an intrapleural recording 
of pressure changes during respiration. 

The events of the cardiac cycle, as re- 


* From the Department of Medicine, Columbia University College of Physicians and Surgeons and the Cardio- 
pulmonary Laboratory, Chest Service, Bellevue Hospital, New York, N. Y. The material in this paper is taken largely 
from a lecture delivered at the Centennial Symposium, University of Buffalo Medical School, October 2, 1946. The 
research studies from the Cardiopulmonary Laboratory, Bellevue Hospital, were supported by a grant from the 


Commonwealth Fund. 
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Fic. 1. Pressure tracings from normal human subjects. In Section A 
are recorded, from above downward, the electrocardiogram, 
arterial pressure tracing and right auricular pressure tracing. In 
Section B, electrocardiogram, arterial pressure and right ventri- 
cular pressure. At the arrow, the catheter tip was withdrawn from 
ventricle into auricle. In Section c, electrocardiogram, arterial 
pressure, intrapleural pressure (inspiration down, expiration up), 
right auricular pressure, during moderately increased respiration. 
The patient had a partial artificial pneumothorax. 


corded in the right auricle, are indicated by 
the numbered lines. (Fig. 1, Section A.) At 
Line 1, auricular systole begins, producing a 
pressure 2 or 3 mm. Hg above the base line. 
Line 2 marks the onset of right ventricular 
systole, the slight upward notch in the pres- 
sure tracing probably indicating either 
bulging backward of the tricuspid valve or a 
momentary tricuspid insufficiency.*® At Line 
3 a drop in auricular pressure begins due to 
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‘descent of the base”’ of the heart, the heart 
moving footward with the ejection of blood 
headward; the auriculoventricular valve 
region moving toward the apex because of 
this motion and also because of ventricular 
contraction. Through the remainder of the 
ventricular systole and early relaxation, 
pressure in the right auricle builds up slowly 
as blood comes in from the great vessels. At 
Line 4 ventricular relaxation has reduced 
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pressure within this chamber to that of the 
auricle, the tricuspid valve opens with a 
drop in the auricular pressure as blood 
pours into the ventricle. From this point 
pressure builds up again gradually in the 
common auriculoventricular chamber, until 
the next auricular systole starts a new cycle. 

As indices of the nature of blood flow in 
the great veins these tracings show that in 
the normal circulation under conditions of 
rest: (1) the basic pressure level is around 
zero (referred to atmospheric pressure); (2) 
the total pressure change during the cardiac 
cycle is small, about 5 mm. Hg. The fact 
that the great veins lose 70 or 80 cc. of blood 
with each ventricular filling and with so 
small a pressure change, indicates an ample 
venous reservoir under low tension. 

Pressure in the right ventricle (Section B) 
usually shows a small rise due to auricular 
systole. Ventricular contraction then begins 
and maximum pressure is achieved rapidly. 
Since the normal diastolic pressure in the 
pulmonary artery is low, from 4 to 8 mm. 
Hg (as has been demonstrated with the 
catheter tip in the pulmonary artery*) the 
greater part of right ventricular systole is 
occupied with ejection of blood rather than 
with isometric contraction. Systolic pressure 
in the right ventricle (and in the pulmonary 
artery) in normal subjects varies from 18 to 
30 mm. Hg and is on the average about 25 
mm. Hg. The coarse vibrations in the trac- 
ings during the peak of systole (Fig. 1, B) are 
quite variable from one subject to another 
and may be artefacts. Right ventricular 
relaxation is also rapid, ending after opening 
of the tricuspid valve, in a small “‘diastolic 
dip,” in which the pressure drops below the 
mean venous base line. After this, as already 
indicated, pressure builds up gradually in 
the common auriculoventricular chamber 
until the next auricular systole. 

Figure 1, Section C shows the definite al- 
though small changes that occur in right 
auricular pressure tracings during moder- 
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ately increased breathing. The base line 
changes, although to a lesser degree than 
does the simultaneously recorded intra- 
pleural pressure. The auricular pressure 
waves during the cardiac cycle also are 
greater during inspiration and less during 
expiration. A further study of this has been 
made with right ventricular and arterial 
pressure tracings by Lauson, Bloomfield and 
Cournand.® Figure 2 gives the results in 
schematized form. It is found regularly in 
normal subjects that with inspiration right 
ventricular pulse pressure increases and 
femoral arterial pulse pressure diminishes. 
The reverse takes place during expiration. 
Furthermore, as already noted, the intra- 
thoracic (intrapleural) pressure in inspira- 
tion decreases more than does the right 
intra-auricular or diastolic right intraven- 
tricular pressure. Thus the effective or net 
filling pressure on the right side of the heart 
is relatively increased. During expiration, 
intrathoracic pressure increases more than 
right intra-auricular pressure and net filling 
pressure is thus diminished. 

If, as seems probable, these changes are 
responses to alterations in the volume flow 
of blood rather than vasomotor activity, 
then it can be calculated that with each 
inspiration more blood flows into the lungs 
from the right ventricle and less flows out of 
the lungs into the left auricle and ventricle; 
with the opposite changes in expiration. 
There are in some subjects small alterations 
in pulse rate with respiration but these do 
not significantly affect the general relation 
above stated. 

The lungs thus act as a sponge in this 
dynamic equilibrium, taking in additional 
blood during inspiration and expelling it 
during expiration, a function clearly de- 
scribed many years ago by Thomas Lewis’°® 
and by Sahli."? 

If one modifies the principle of Starling’s 
law to the extent of assuming that systolic 
output varies with diastolic filling pressure 
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in the ventricles (rather than with diastolic 
volume), then this respiratory equilibrium 
conforms with Starling’s law. }? 

Additional evidence in favor of this ex- 
planation of the changes in right and left 
heart performance during respiration is pro- 


phenomena of established failure and are 
not concerned with the mechanisms of its 
progressive development. 

Figure 3, Section A, gives records of right 
intra-auricular and intraventricular pres- 
sures in a case of pure right-sided failure, 


INFLUENCE OF RESPIRATION ON CIRCULATION (SCHEMATIC) 


| INSPIRATION | EXPIRATION | 


INTRATHORACIC PRESSURE 


MEAN 


SYSTOLIC 
“NET” PULMONARY 
ARTERIAL PRESSURE 


DIASTOLIC 


——VOLUME OF BLOOD IN PULMONARY VESSELS 


LEFT VENTRICULAR STROKE VOLUME 


RIGHT VENTRICULAR STROKE VOLUME 


SYSTOLIC 
SYSTEMIC 

MEAN 

ARTERIAL PRESSURE 


DIASTOLIC 


Fic. 2. (From Lauson, Bloomfield and Cournand.*) Schematized 
representation of right ventricular and arterial pressures as 
affected by respiration. With inspiration, right ventricular pulse 
pressures increase while femoral pulse pressures diminish; in 


expiration, the reverse occurs. 


vided by the reverse effects noted during 
artificial respiration with a positive pressure 
respirator, as described by Motley et al.}® 
Inspiration produced by inflow of air under 
positive pressure results in a decrease in net 
filling pressure in the right heart with low- 
ered right ventricular pulse pressures, while 
at the same time arterial pulse pressures 
increase, suggesting increased left ventricu- 
lar systolic output. In (passive) expiration, 
right-sided net filling pressure and right 
ventricular pulse pressure increase while 
arterial pulse pressures decrease. 

Pressure tracings from the great veins and 
chambers of the right heart in congestive 
failure present an interesting contrast to the 
normal records. It should be emphasized at 
this point that we are now dealing with the 
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specifically, a patient with constrictive peri- 
carditis. It will be seen first, as one would 
expect, that the venous or right auricular 
pressure level is high, about 20 mm. Hg. 
In addition, the variations of pressure in the 
auricle during the cardiac cycle are much 
greater than in the normal subject, being 
as much as 15 mm. Hg. There are two sharp 
drops in pressure, one with the “‘descent of 
the base”’ at the time of ventricular ejection, 
the other with the opening of the tricuspid 
valve and inflow of blood from the auricle 
to the ventricle. Thus the pressure curve in 
the conjested right auricle has a typical 
‘‘W” contour. The whole response is what 
one might anticipate in a distended elastic 
vessel, with relatively small changes in 
volume producing large changes in pressure. ° 
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Fic. 3. Arterial, right auricular, and right ventricular pressure tracings in a patient 
with right-sided congestive failure (patient had constrictive pericarditis). 


As already mentioned, in cases of well 
marked right-sided congestion such as this 
one, mean pressures in the right auricle and 
peripheral veins are essentially identical. In 
fact, close measurement shows that during 
late ventricular systole and late auriculo- 
ventricular diastole, pressure in the right 
auricle is actually slightly above that in the 
peripheral (arm) vein® and blood must, 
therefore, either be drifting slowly in the 
reverse direction in the great veins, or else 
a higher inflow pressure from other venous 
sources must be filling the right auricle with 
closure of the axillary venous valves.'* Dur- 
ing the two sharp drops of the ‘““W”’ there is 
an abrupt change of direction with a flow 
toward the heart.’ 

In Figure 3, Section B, the tracing of 
right ventricular pressure in the same case 
of constrictive pericarditis is shown. The 
systolic pressure is normal, there being in 
this case no disturbance in the lesser circuit. 


a 


Diastolic ventricular pressure is, of course, 
high and equal to auricular and peripheral 
venous pressure. A special feature is the 
marked ventricular ‘“‘diastolic dip’’ as the 
ventricle relaxes just after the tricuspid valve 
opens, with a rapid rise again to its previous 
level. The explanation of this is the same as 
that of the second dip in the ‘‘W” curve of 
the right auricle. 

Left-sided congestive heart failure pro- 
duces greatly elevated pressures in the lesser 
circuit and the right ventricle. ‘The degree of 
hypertension in the pulmonary circuit is 
seen in Figure 4, Sections A and B, a case of 
rheumatic heart disease with mitral stenosis 
and insufficiency and tricuspid insufficiency 
in advanced congestive failure. The right 
auricular tracing shows the high level of 
venous pressure and the large variations of 
pressure during the cardiac cycle already 
mentioned. The first dip of the ‘“‘W” curve 
is absent in this case because of the tricus- 


Fic. 4. Right auricular and right ventricular pressure tracings in a case of mitral stenosis. 
Sections A and B during congestive failure; Sections c and D after recovery of compensation. 
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Fic. 5. Pressures in right ventricle (above) and in pulmonary 
artery (below), in a patient with rheumatic heart disease in left- 
sided and right-sided congestive failure. The tracings were taken 
simultaneously by the use of a double-channel catheter. The 
recording membrane for the pulmonary artery pressure tracing 
is slightly more sensitive than that for the right ventricle. 


pid insufficiency.*® Auricular systole is absent 
and the heart rate irregular since the auricles 
were fibrillating. 

Even more striking, however, is the right 
ventricular tracing, with systolic pressures 
up to 100 mm. Hg. Figure 5, a record of pul- 
monary artery pressure taken from another 
case with the catheter tip in the pulmonary 
artery, shows that the diastolic as well as the 
systolic pressure in this vessel is elevated. 
This four-fold increase in systolic pressure in 
the lesser circuit demonstrates beyond any 
question that hypertensive congestion in the 
lesser circuit is the dominant factor in left 
sided congestive failure, thus confirming the 
Lungenstarre postulated by von Basch more 
than sixty years ago.’® 


In Figure 4, Sections C and D, tracings » 


of the same patient after digitalization and 
partial recovery of compensation are repro- 
duced. It will be seen that the systemic 
venous pressure has returned to normal. 
The pulmonary arterial hypertension is less 
but the systolic pressure in the lesser circuit 
is still about twice normal. 

In cor pulmonale, or right sided cardiac 
hypertrophy associated with chronic pul- 
monary disease, pulmonary arterial hyper- 
tension is an important factor but it is 
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interesting that the degree of this hyper- 
tension is usually less than that seen in left 
heart failure of the congestive type.® There 
is, however, an additional disturbing factor 
caused by the loss of pulmonary elasticity. 
In Figure 6 arterial and right ventricular 
pressure tracings in a group of patients with 
emphysema and various forms of chronic 
fibrotic pulmonary disease are shown. Sec- 
tion A is from a patient with emphysema. 
The variations of auricular pressure due to 
inspiration and expiration are somewhat 
greater than the normal range but there is 
no right ventricular or pulmonary hyper- 
tension. In nineteen cases of emphysema 
studied by Bloomfield et al.,*° five had nor- 
mal right ventricular pressures. The other 
tracings in Figure 6 illustrate increasingly 
severe degrees of chronic fibrotic pulmonary 
disease with cor pulmonale. None of these 
patients, however, were in right sided con- 
gestive failure. In addition to pulmonary 
arterial hypertension there will be noted, as 
pulmonary elasticity becomes impaired and 
ventilatory effort increased, a progressive 
exaggeration of the normal respiratory 
pressure effects on inflow and outflow of 
blood to and from the lungs. The basic 
levels of venous pressure shift widely with 
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Fic. 6. Arterial (middle curves) and right ventricular (lower curves) pressure 
tracings in five subjects with pulmonary emphysema and varying degrees of 
pulmonary arterial hypertension. The white lines above are records of respi- 


ration: inspiration down, expiration up. 


respiration, as do the amplitude of right 
ventricular pressures and femoral arterial 
pulse waves, indicating alternate filling and 
emptying of the pulmonary vascular bed 
with inspiration and expiration. Whether 
this imposes a further strain on cardiocir- 
culatory function cannot be said with cer- 
tainty but it seems not unlikely. It might be 
noted that patients with left heart failure 
and pulmonary engorgement may also show 
these marked respiratory variations in in- 
tracardiac pressures. 

Rist!® noted a relative decrease in ampli- 
,tude of cardiac systole during inspiration 
in such patients but explained the effect as a 
decrease in inspiratory systolic outflow of 
both right and left ventricles, associated 
with a rigid pulmonary vascular bed. It is 
suggested that the change in amplitude of 
the heart shadow, as observed by Rist, may 
have been largely due to the left ventricle 
and that while the pulmonary vascular bed 


in these cases may be less elastic than nor- 
mal, it is relatively more elastic than the 
pulmonary parenchyma so that the exag- 
gerated effort of inspiration and expiration 
produces alterations in vascular volume that 
are greater than normal. 

In cor pulmonale with right-sided conges- 
tive failure the pressure changes in great 
veins and right heart chambers during the 
cardiac cycle are similar to those already 
described. 

All the above evidence taken together 
gives emphasis to the importance of pressure 
disturbances in both systemic and pulmon- 
ary circulations in congestive heart failure. 

Turning now to a consideration of total 
blood flow or cardiac output, one may pre- 
sent the essential findings briefly. 

In normal adult subjects at rest, the aver- 
age cardiac output as determined by the 
catheterization procedure is about 3.1 liters 
per square meter of body surface per minute, 
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or 5.4 liters per minute for an individual of 

average size.’ As was demonstrated by 

earlier technics (Grollman!’) cardiac output 

is an extremely labile function, often chang- 

ing markedly with nervousness or anxiety.! 

The response in normal subjects to rapid 
TABLE 1 


PATIENT A. R. ARTERIOSCLEROTIC HEART DISEASE, HYPER- 
TENSION AND PROGRESSING CONGESTIVE HEART 


FAILURE 

Date 9/21 /44 
Cardiac index, liters............... 2.33 2.01 
Stroke volume, cc 44 30 
Arteriovenous difference, cc./100....| 5.2 7.4 
Arterial blood pressure, mm. Hg... .. 154/89 |190/129 
Peripheral resistance............... 2570 | 3335 
Auricular pressure, mm. H,O....... +24 | +140 
Arm venous pressure, mm. H2O..... +35 | +135 
Right ventricular pressure, mm. Hg...| 27/4 | 64/18 
Plasma volume, cc./sq.m........... 1420 | 1620 
Hematocrit.............. 40 40 
Total blood volume, cc./sq. m....... 2370 | 2700 


increase in venous inflow by intravenous in- 
fusion and the response to reduced venous 
inflow by venesection or by applying venous 
cuffs to the extremities have been variously 
reported. According to McMichael and 
Sharpey-Schafer,! cardiac output is regu- 
larly increased in proportion to the increase 
in inflow pressure or pressure in the right 
auricle, and correspondingly decreased as 
the right auricular pressure decreases with 
venesection or venous cuffs. Warren, Bran- 
non, Stead and Merrill, however,'® in 
similar experiments, have not found this cor- 
relation and believe that in normal circu- 
lations alterations in cardiac output may be 
independent of pressure in the right auricle 
(i.e., diastolic filling pressure in right auricle 
and right ventricle). 

Since Starling’s law states that the energy 
of systolic ejection of the heart varies with 
diastolic filling or diastolic size, it is of 
interest to inquire how the heart size changes 
with increased output. McMichael’® has 
shown a definite increase in the cardiac 
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area by x-ray during a rapid intravenous 
infusion, associated with increased output. 

In muscular exercise, on the other hand, 
Nylin’s recent work?® indicates that in- 
creased stroke volume is achieved wholly by 
increased emptying of the heart chambers, 
the cardiac size being smaller than when at 
rest. Measurements of cardiac output during 
exercise, by the catheterization technic, are 
in progress in several laboratories but have 
not yet been published. 

The subject of cardiac output in conges- 


tive heart failure has been extensively 


studied, both before and since the introduc- 
tion of right heart catheterization. Harri- 
son, in his important monograph published 
in 1935,?4 summarized previous investiga- 
tions and added evidence from his own 
experiments, indicating that decrease in 
cardiac output is not present early in the 
development of congestive heart failure. 
The validity of this position is now being 
examined again with the catheterization 
technic. 

In patients with fully established conges- 
tive failure, however, the following facts 
have recently been established, both in 
Cournand’s laboratory”? and by McMichael 
and his group:”* 

(1) There are some types of congestive 
failure regularly associated with decrease in 
cardiac output, notably arteriosclerotic heart 
disease and rheumatic heart disease. Table 
I gives figures in a typical case of the former, 
first in mild failure and later when cardiac 
insufficiency was advanced. The cardiac 
index, or cardiac output in liters per minute 
per square meter of body surface, was in this 
case well below the average normal value of 
3.1, and fell still further with further 
decompensation. 

(2) There are other forms of congestive 
heart failure associated with a normal or 
increased cardiac output, even when the 
congestive state is marked. In such clinical 
conditions there is usually some metabolic 
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or mechanical dysfunction which induces 
or stimulates the increased output. These 
conditions and their corresponding meta- 
bolic dysfunctions are as follows: 

(1) Anemia (low oxygen transport per 
unit of blood); (2) cor pulmonale (usually 
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however, there are two prior questions 
which have been raised in other discussions 
of these findings and should be considered: 

(1) Can one say that a state of cardiac 
failure exists at all, so long as cardiac output 
is maintained? 


TABLE II 
MEASUREMENTS OF THE CIRCULATION IN A GROUP OF SEVEN PATIENTS WITH RHEUMATIC HEART DISEASE 
IN FAILURE AND IN A GROUP OF SIX PATIENTS WITH COR PULMONALE IN FAILURE 
Rheumatic Cor Pulmonale 
Average Range Average Range 
1.85 (1.21-2.65) 3.45 (2.59-4.88) 
Venous pressure, mm. H,O......... +245 (173-320) +126 (—15 to +222) 
Ventricular pressure, mm. Hg......................-- 100 (81-117) 53 (35-81) 


a low arterial and tissue oxygen tension); 
(3) thyrotoxicosis (increased oxygen con- 
sumption); (4) arteriovenous communica- 
tions (increased venous return); (5) Paget’s 
disease (essentially arteriovenous communi- 
cations in vascular bed of affected bones); 
and (6) in addition, Burwell et al.,?° have 
recently shown a very large cardiac output 
(11 liters per minute) in a case of beriberi 
heart disease in marked congestive failure. 

Table 1 gives average figures of cardiac 
output and other functions in a series of 
cases of cor pulmonale, compared with simi- 
lar measurements in cases of rheumatic heart 
disease, both groups of patients being in con- 
gestive failure. 

These clearcut findings would seem to 
lead to an equally definite conclusion; that 
in the state of established congestive heart 
failure, cardiac output may be high, low 
or normal, or to put it otherwise, that a 
lowered cardiac output is not an essential 
feature of this condition. : 

Before this conclusion can be accepted, 


(2) In cases of the congestive state with 
cardiac output at levels that are normal or 
above, to what extent is the congestion in its 
various aspects compensatory, maintaining 
cardiac output higher than it would other- 
wise be, to the benefit of the individual? 

These are essentially different aspects of 
the same question, the first being an extreme 
or limiting case of the second. 

It ultimately becomes a matter of ter- 
minology as to whether the advanced con- 
gestive state with normal cardiac output 
shall be called heart failure or not. It is 
difficult to see, however, why it should not 
be so called. The state of the heart, empty- 
ing inadequately, greatly dilated and under 
excessive filling pressures, 1s certainly one of 
profound distress. Furthermore, if the condi- 
tion continues to progress, failure becomes 
complete and the patient dies. Surely this is 
a form of heart failure. It happens to be 
failure in terms of pressure relations rather 
than of flow relations. 

These recent observations, in fact, do not 


AMERICAN JOURNAL OF MEDICINE 


a 
| 


Congestive Heart Failure—Richards 


alter Harrison’s excellent description in his 
monograph of 1935,7' of the development 
of the congestive state with incipient failure 
of cardiac emptying, then dilatation, this re- 
sulting in maintained cardiac output, then 
further failure of emptying with increased 
diastolic (i.e., venous) pressure and so on 
through the successive steps of decompensa- 
tion. Clinically, one should look for the onset 
of true heart failure earlier rather than later 
in this train of events. 

Since the constant disturbances in con- 
gestive heart failure are those of pressure 
rather than of flow, the term “‘congestive”’ is 
both appropriate and adequate. One may 
question, however, whether the terms “‘back- 
ward” and “‘forward”’ failure are any longer 
useful or accurate. It is true that the cardiac 
chambers are dilated in failure and that 
inadequate emptying of these chambers is a 
part of, if not a cause of, the general state of 
venous congestion, but if blood 1s still moved 
around the circuit in a normal amount the 
condition is not backward failure from the 
point of view of flow. If it is backward 
failure from the point of view of pressures 
only, then we have simply returned to the 
status of congestion, from which our argu- 
ment started. 

It is perhaps not too much of a digression 
to note that the term forward failure, to 
describe states of shock due to peripheral 
circulatory failure, also becomes difficult to 
apply satisfactorily, in view of present 
knowledge of the circulation in different 
forms of shock.?® Is the forward failure a 
failure of blood flow or of pressure? There 
are states of shock with low blood flow and 
low arterial pressure (trauma and blood 
loss), others with low blood flow and normal 
or increased arterial pressure (burns) and 
still others with normal blood flow and low 
arterial pressure (syncope). All, however, 
are associated with inadequate filling of one 
or another part of the system of heart and 
great vessels. Perhaps, instead of forward 
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versus backward failure, better descriptive 
terms would be depletion versus congestion 
of all or part of the system: veins plus heart 
plus arteries. 

The question already presented above as 
to whether the congestive state may at times 
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VENOUS FILLING PRESSURE ———>— 
Fic. 7. (From Howarth, McMichael and 
Sharpey-Schafer.'*) Suggested filling pres- 
sure-cardiac output curves for normal sub- 
jects and cases of high and low output failure. 
Crosses represent usual states of each group 
at rest. 


be a favorable compensatory mechanism, 
demands a critical review of the physiologic 
principle upon which modern ideas of car- 
diac output rest, namely, Starling’s law, and 
the extent of its applicability to the human 
circulation in the light of these recent ob- 
servations. In its most simple terms this law 
(derived from studies with the heart-lung — 
preparation of the dog) states that the energy 
of cardiac ejection (or output) increases in 
proportion to the length of the heart muscle 
fibers, in other words, to the diastolic vol- 
ume of the heart chambers; up to a certain 
degree of filling, beyond which further 
overfilling results in decrease rather than 
increase in cardiac output. The upper curve 
in Figure 7, from the recent paper by 
Howarth, McMichael and Sharpey-Schafer?* 
gives the essential relation, although using 
diastolic filling pressure rather than dia- 
stolic volume as the abscissa. 
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To what extent does the normal circula- 
tion obey Starling’s law? McMichael’s data 
on intravenous infusions and venesection,! 
are consistent with the law, cardiac output 
increasing along with increased filling pres- 
sure and increased heart size. On the other 
hand, in muscular exercise although venous 
pressure, cardiac output and stroke volume 
increase, cardiac size apparently diminishes 
(Nylin®°). Stead’s data on venesection and 
anxiety states'''® also do not fit Starling’s 
law. McMichael’ has at least one observa- 
tion that does not; epinephrine given intra- 
venously in doses of 3 micrograms per 
minute increases cardiac output with no 
change in venous pressure or pulse rate. In 
favor of Starling’s law is the well known fact 
that during severe physical training, such as 
that of oarsmen training for a race, cardiac 
‘size increases. 

Apparently, therefore, while there is a 
tendency in the normal circulation to follow 
Starling’s law, there are also influences of 
nervous or metabolic origin which may alter 
such functions as cardiac tone (diastolic 
heart size at a given inflow pressure) or 
systolic emptying and thus modify cardiac 
performance outside this law. 

There are other influences acting in the 
same manner. The increased blood flow, for 
example, seen in anxiety states, fever, 
moderate thyrotoxicosis or anemia without 
congestive failure usually occurs with both 
normal venous pressures and little or no 
increase in heart size and is thus dependent 
on mechanisms other than those of Starling’s 
law. 

Whether normal hearts pushed to the 
point of failure dilate with falling output 
(Fig. 7) is not certainly known but such is 
probably the case. Extreme overexertion is 
known to produce cardiac dilatation in nor- 
mal subjects. 

There is abundant evidence, however, 
that the heart in congestive failure that has a 
low output occupies a position indicated by 
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the “low output failure” in Figure 7. The 
heart is dilated, the venous pressure is high 
and the output is low.”* Proof that such a 
heart is overdilated, that it is on the de- 
scending limb of the curve (mark “X” on 
the lowest curve), is given by the fact that 
decrease of venous pressure, as by cuffs, 
digitalis or phlebotomy produces prompt 
increase in cardiac output. 

The low level of cardiac output at which 
these hearts are operating, as compared with 
the normal, is presumably associated with 
the fact that for the most part these are 
hearts with intrinsic myocardial damage. 

Is it also true that these hearts were at an 
earlier stage on the rising side of the curve 
when increased venous pressure and in- 
creased diastolic volume were associated 
with a favorable compensatory increase in 
cardiac output? It is difficult to answer this 
question. Clinically, cardiac dilatation is 
usually considered an unfavorable event and 
the sooner it is reduced the better the clinical 
result. In any case, as in so many forms of 
compensation in a failing organ, the com- 
pensation soon becomes unfavorable. In this 
instance abnormal pressure relations become 
a greater handicap than the increased car- 
diac output is a benefit and all the evils of 
congestive failure supervene. 

The cases of “high output failure,’’ repre- 
sented by the middle curve in Figure 7, 
bring forward more clearly the question of 
a compensatory state of congestion. In the 
cor pulmonale group, for example, it is 
McMichael’s suggestion that the venous 
pressure elevation and correspondingly in- 
creased diastolic filling has increased the 
cardiac output to a maximum (point “X”’ 
on the curve). In support of this he notes 
that digitalis decreases both venous pressure 
and cardiac output in such hearts and is 
known to be an ineffective drug clinically. 

On the other hand, the lowering of venous 
pressure may not be unfavorable in such 
patients. Table 111, for example, gives figures 
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in a case studied by Cournand of cor pul- 
monale in right heart failure, in which a 
normal cardiac output was further increased 
after phlebotomy and the patient dramati- 
cally improved. In general it has been our 
experience that patients with cor pulmonale 
TABLE II 
CARDIAC OUTPUT BEFORE AND AFTER A PHLEBOTOMY OF 


1,200 cc. IN A PATIENT WITH COR PULMONALE AND 
CONGESTIVE HEART FAILURE 


Before — Three 
Patient M. K., 10/5/42 _| Phlebo- ia Hours 
tomy | after after 
92 93 97 
Venous pressure, mm. H,O.... 185 84 | 
Right auricular pressure, mm. 
Arterial pressure, mm. Hg..... 154/100)137 /82|133 /81 
Arterial oxygen saturation, %. . 61 73 60 
A-V oxygen difference, cc..... 49 44 41 
Cardiac index, lit./min./sq. m. 3.1 3.4| 4.0 
Plasma volume, cc........... 3310}...... 3100 
Hematocrit, ®%.............. 68 63 


in right-sided congestive failure have large 
blood volumes and are greatly improved by 
repeated venesections. In our patients, 
therefore, while cardiac output is high in the 
presence of venous congestion the latter is 
still a phenomenon of failure and its relief 
results in an improved circulation. 

There is also the evidence (Sharpey- 
Schafer?’) in favor of a compensatory in- 
crease in blood flow due to venous pressure 
increases in patients with severe anemia and 
congestive failure. It should be noted, how- 
ever, that severe anemia regularly causes 
increased cardiac output, even without 
venous pressure increase;”° also that normal 
hearts can increase cardiac output as high 
as it occurs in anemia without the develop- 
ment of congestion. Therefore, when the 
congestive state develops in -anemia, even if 
it is compensatory, it is the compensating 
response of a failing heart and not the re- 
sponse of a normal heart. 

By way of summary, so far as concerns the 
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application of Starling’s law to the human 
circulation, the following comments are 
suggested: 

(1) In normal subjects, in certain re- 
stricted measurements under controlled con- 
ditions, a relation at least between cardiac 
stroke volume and diastolic filling pressure 
can be demonstrated in accordance with 
Starling’s law; (2) in other physiologic sit- 
uations, such as exercise, anxiety, etc., other 
influences affect cardiac performance out- 
side the scope of Starling’s law and (3) in © 
congestive heart failure, the law does apply 
in the “‘failure” range or descending segment 
of the curve, with cardiac output increasing 
as venous pressure and heart size are 
diminished. 

Starling’s law, in fact, applies to the 
human circulation about as well as one 
could expect of a physiologic principle 
developed from the performance of a heart- 
lung preparation; the more the human 
heart is exposed to and reacts to nervous, 
vasomotor and metabolic influences the less 
it behaves in accordance with this law; the 
more the heart fails to respond to such in- 
fluences and becomes simply a pressure- 
volume muscle preparation, as in congestive 
failure, the more closely it follows the law. 

From this point of view, Starling’s law 
becomes a useful but not exclusive and not 
always dominant principle to be considered 
in the interpretation of normal and abnor- 
mal circulatory states. One further com- 
ment might be made, namely, that the 
current practice of describing Starling’s law 
as a relation between cardiac output and 
diastolic filling pressure may prove to be 
more useful than the original law which 
states the relation between cardiac output 
and diastolic heart volume. If cardiac tonus 
is an important factor, the relation to 
diastolic filling pressure may even be more 
accurate. 

A number of important studies have been 
made with the catheterization procedure of 
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other aspects of congestive failure—the early 
development of the congestive state, the 
relation of renal blood flow, and the action 
of digitalis and other drugs on the heart and 
peripheral circulation. These are outside the 
restricted scope of the present discussion. 


SUMMARY 


1. Some observations are presented of 
intravascular and intracardiac pressures, and 
of cardiac output in subjects with normal 
hearts and in patients with congestive heart 
failure, as obtained by the technic of right 
heart catheterization. 

2. The phenomenon of congestive heart 
failure is essentially a disturbance of pres- 
sures rather than of blood flow. 

3. ‘There appear to be limitations in the 
applicability of Starling’s law to functioning 
human hearts. 
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Seminars on Thromboembolism 


Anticoagulation Therapy with Heparin/Pitkin 
Menstruum in Thromboembolic Disease’ 


LEo LOEWE, M.D. 
BROOKLYN, NEW YORK 


HE purpose of this report is to pre- 
sent experimental and clinical data 
regarding the rationale and ef- 
fectiveness of heparin in the treatment of 
thromboembolic disease, and to describe in 
detail an improved and accepted method of 
prolonged heparinization which is safe, 
practical and simple.'~* 
Heparin/Pitkin menstruum has been for 
a number of years the subject of elaborate 
clinical study and trial in the prophylaxis 
and treatment of intravascular thrombosis.” 
3,5,6,8,9,10.11 Chur composite series totals more 
than 400 patients who received several 
thousand subcutaneous deposits of heparin / 
Pitkin menstruum. Inasmuch as experi- 
mental study and clinical experience with 
this anticoagulation preparation has been 
more extensive in the field of venous 
thromboembolism, this division of thrombo- 
embolic disease will be considered in detail. 
The knowledge thus acquired has provided 
the basic principles which are applied in 
the treatment of arterial thrombotic diseases. 
The studies and investigations of anticoagu- 
lation therapy in arterial thrombotic dis- 
orders, some of which are still in the 
exploratory stage, will also be reviewed. 


VENOUS THROMBOEMBOLIC DISEASE 


Although much of the discussion on the 
functional pathology of venous thrombo- 
embolic disease has been published in 


previous papers, reiteration of certain 
basic information and findings is desirable 
if not indispensable. Despite the fact that 
thromboses in the calf and plantar veins 
were observed for many years and were not 
regarded as uncommon or rare, the rela- 
tionship between these minimal thrombotic 
episodes and fatal pulmonary emboli has 
been emphasized only in the past decade. 
During this period the anatomic develop- 
ment of pulmonary emboli has been eluci- 
dated by RéGssle,‘* Neumann’? and Fryk- 
holm.'® At the same time the clinical and 
radiographic criteria by which aseptic deep 
calf thrombi can be recognized even in their 
incipiency and prior to the occurrence of 
pulmonary embolization were established 
by Homans," and Bauer,'* Bancroft,? Ochs- 
ner,?° Allen and his co-workers”! and 
Bauer”? during this same period defined the 
principles of treatment for pulmonary em- 
bolization based on functional anatomy and 
clinical pathology. 

It is fitting at this point to trace the func- 
tional pathology of a venous thromboem- 
bolic accident, keeping in mind, however, 
there are many gaps in our knowledge of 


_ spontaneous intravascular clotting. Our 


interest in the genesis and nature of intra- 
vascular clots was stimulated during an 
investigation of experimental human frost- 
bite.'?13 A study of the train of events in 
this condition by Greene”* and Rotnes and 


* From the Thromboembolic Disease Unit, the Department of Medicine and the Department of Laboratories, Jewish 
Hospital, Brooklyn, N. Y. 
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Kreyberg*‘ revealed that there is clumping 
of erythrocytes in the dilated arterioles for 
at least seventy-two hours after exposure. 
This clumping has been attributed to loss 
of plasma through the highly permeable 
vascular wall. As a result the red cells are 
stranded, “‘silting’’ up the blood vessels and 
forming what may be termed a sludge. 
Related and revealing information on 
sludge development may be found in 
Knisely’s report on this phenomenon in the 
blood during malaria and in traumatic 
shock.?° He and his co-workers observed 
that the red cells become agglutinated and 
form small clumps as a result of which the 
blood flow becomes sluggish and generalized 
thromboses supervene. 

Another related circumstance is the well 
established fact that the blood platelet 
count rises rapidly in the immediate post- 
operative period and that the platelets be- 
come hyperadhesive.”*?’ Both phenomena 
attain their maxima about the tenth day 
after operation. In addition to changes in 
the number and properties of the blood 
platelets and sludge formation, the post- 
operative period is characterized by variable 
hemoconcentration, enhanced viscosity of 
the blood plasma, hyperglobulinemia and 
an increased content of fibrinogen in the 
blood. Since all of these changes contribute 
to clot formation the stage is set for intra- 
vascular thrombosis anywhere in the body. 

Even though all of the component ele- 
ments for clot formation are present, the 
catalyzing circumstance which initiates the 
chain reaction eventuating in clot formation 
is still unknown. In a é sstatistical review 
of phlebothrombosis one suggestive fact 
emerges: that a common denominator may 
be venostasis, whether due to angulation, 
actual obstruction or increased venous 
pressure secondary to either obesity or 
cardiac insufficiency. If one now considers 
what part of the body would be most sub- 
ject to slowing of the blood stream, for self- 
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evident reasons the lower extremities’ must 
rank first. Thus during the postoperative 
period, in the presence of chemical and 
physical changes in the blood, minimal 
intimal trauma in a venule of the lower 
extremity may well initiate local intra- 
vascular thrombosis. 

The primary thrombotic process usually 
starts in the smaller vessels in the muscular 
portions of the calf and less frequently in 
the plantar veins. The clot progresses and 
soon reaches a larger vessel into which it 
extends and grows. At first the clot is 
attached only to the venule and _ later 
engages the wall of the larger vessel. During 
the stage of propagation it is, in the main, a 
red cell clot which waves freely in the vascu- 
lar stream. This clot contains minute 
amounts of fibrin and is but one stage 
removed from the sludges observed in 
experimental frostbite and malaria. 

The red cell clot has been produced by 
us in the laboratory;*’ a palpable, visible 
clot which, however, is so loosely put 
together that it disintegrates readily. As 
the clot grows the propagating proximal 
end includes all of the stages just described. 
It is now that the clot is most dangerous for 
it may separate at any time, either spon- 
taneously or due to muscular exertion such 
as straining at stool or getting out of bed. 
If the clot does not become detached, it is 
slowly organized and becomes agglutinated | 
to the blood vessel wall. During the stage of 
clot propagation, immediately adjacent 
tributaries and collaterals are also involved 
so that when organization with either 
obliteration or recanalization occurs, there 
is a shunting of the venous stream to super- 
ficial vessels incapable of bearing the 
burden. This bizarre venous shunting 1s 
readily seen in post-thrombotic phlebo- 
grams. (Fig. 1.) Although we have been 
discussing so-called aseptic phlebothrombo- 
sis, essentially the same processes occur in 
infective thrombophlebitis in which the 
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most proximal portion of the clot resembles 
the non-infective type despite the fact that 
the distal clot is for the most part attached 
to an injured intima. 

If either the aseptic or septic type of 
thrombophlebitis be of prolonged duration, 
a periphlebitis occurs which involves the 
adjacent perivenous lymphatics. Since lym- 
phatic fluid is also capable of coagulating 
it is quite conceivable that postphlebitic 
edema may be due in great part to conse- 
quent obstruction of the return lymphatic 
flow of an extremity. — 

Rationale. ‘Termination of the progres- 
sion of the thrombotic process is the ideal 
objective and, to the best of our present 
knowledge, the anticoagulants appear best 


suited for this purpose. The properties of 


heparin which render it uniquely applicable 
in thromboembolic disease are that it pre- 
vents (with the aid of a plasma co-factor) 
the conversion of prothrombin to thrombin; 
it forms with serum albumin a strong anti- 
thrombin and finally, it prevents the forma- 
tion of thromboplastin from platelets. (Fig. 
2.) | 

Heparin is a mucoitin polysulfuric acid. 
The most potent preparations of heparin, 
according to contain 45 per 
cent sulfuric acid, which results in an 
exceedingly strong negative electric charge. 
No other compound of high molecular 
weight in the mammalian body has such a 
strong electric charge. Apparently heparin 
exerts its action through this charge. This 
seems to be supported by the neutralizing 
effect of basic protamine, which has the 
property of promptly counteracting the 
action of heparin. The multiple effect of 
heparin on thromboplastin, prothrombin, 
thrombin, the hemolytic complement, iso- 
hemagglutinins and different enzymes is 
most readily explained as a loading and un- 
loading of electric charges on the proteins 
concerned. The properties of heparin pred- 
icate the fact that a clot, regardless of its 
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Fic. 1. Phlebogram taken five months follow- 
ing femoral thrombosis treated merely by 
paravertebral nerve block. Observe the 
failure of visualization of deep venous channels 
and the bizarre shunting to the superficial 
venous system due to the _ post-thrombotic 
occlusion of the femoral vein. 


site or stage, cannot propagate in the 
presence of heparin. However, what hap- 
pens to the clot which is already present? 

The acknowledged failure of heparin to 
act on the preformed zn vitro clot is readily 
demonstrable.*®° However, the preformed 
in vivo Clot has on occasion been seen to 
disappear. This startling contrast between 
in vivo and in vitro action has stimulated 
us to determine, if possible, the precise 
action of heparin in the living organism. 
For this study a method of experimental 
induction of thrombosis in the rabbit was 
devised which fulfilled all the requirements 
and which was uniformly successful.‘ 

It has been possible to determine experi- 
mentally in animals at what stage of clot 
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formation heparin administration results in 
solution of the clot and what effect heparin 
has on the organizing clot.*’ In all of the 
experimental animals heparinization was 
accomplished by the subcutaneous ad- 
ministration of heparin/Pitkin menstruum, 
the treatment program being conducted 
in a manner comparable to that in humans. 

Briefly, studies on the effect of heparin 
in experimental venous thrombosis in the 
rabbit have yielded the following data: 

(1) Red cell clots not organized and 
containing a minute amount of fibrin 
(sludge stage) disappear completely under 
heparin therapy. (Figs. 3 to 8.) 

(2) Heparin therapy maintains patent 
adjacent collaterals and tributaries which 
ordinarily would become involved in the 
thrombotic occlusive process. These com- 
pensatory collaterals often become as large 
as the originally occluded vessel. This 
phenomenon has not been observed in con- 
trol animals. (Figs. 9, 10 and 11.) It may be 
assumed, although not necessarily proved, 
that these processes also occur in ob- 
structed lymphatics. 

In a more detailed analysis of these 
experimental studies‘ several facts were 
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immediately apparent. Patency can be 
reestablished in experimental veins even 
as long as six days after a clinically visible 
and microscopically demonstrable thrombus 
is present. Since it is well known that 
heparin zn vitro has no effect on fibrin, it 
seems difficult to explain the dissolution of 
clots up to and including the sixth day after 
thrombus formation. A critical review of 
the physical changes resulting in clot for- 
mation may afford a possible explanation 
of our results. The classical early red cell 
clot consists of red cells enmeshed in an 
interlacing fibrin network. After varying 
periods of time, organization occurs within 
the clot wherein the red cells and fibrin are 
replaced by young fibrous connective tissue. 

In the light of recent work on the func- 
tional pathology of experimental frost- 
bite!?:!3 and on the blood flow in malaria 
and in traumatic shock,”° it may be inferred 
that the natural history of the classical 
clot as generally described is not complete. 
In the presence of injury or infectious 
disease, Knisely and his co-workers have 
observed that red cells become ‘“‘sticky”’ 
and adhere to one another; at first, in small 


clumps which soon become progressively 
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Fic. 2. Graph portraying the mechanism of anticoagulant action of heparin. 
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Fic. 3. Normal jugular vein of a rabbit. 


larger so that blood flow rapidly slows 
down and the blood itself appears as a 
thick mucky sludge, similar to the sludge 
phenomenon in experimental frostbite. The 
mechanism whereby the red cells become 
sticky is mediated through the formation 
of a thick, glassy, cottony precipitate whose 
appearance and consistency suggests that it 
might be fibrin or a fibrin-like material. 
It thus follows that the earliest stage of clot 
formation, as portrayed in our experimental 
investigation, may well be represented by a 
large mass of red cells agglutinated to one 
another and not as yet exhibiting the 
usual interlacing fibrin network. In the 
progressive growth of a clot sludge forma- 
tion is ever present, both as the propagat- 
ing tail and:as part of the unorganized body 
of the clot. It is significant that in every 
instance when pure sludge formation was 
noted microscopically, despite clinically 
palpable clot formation, the clot disap- 
peared completely under heparin therapy. 
The extent and apparently the speed of 
recanalization of experimental thrombi is 
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enhanced by the use of heparin. When the 
vein is so grossly occluded as to preclude 
the resumption of clinical patency, re- 
canalization is still greater in degree and 
extent under heparin therapy. In _ the 
presence of occluded veins which cause 
definite obstruction to circulation, the open- 
ing of adjacent collateral venous channels 
is so extensive in the presence of heparin 
that the combined cross sectional area of the 
collateral system appears as great, if not 
greater than that of the original veins. Any 
attempt to explain the apparent dissolution 
of the frank fibrin clot and the rapid re- 
canalization of the late clot under heparin 
influence must necessarily be speculative. 
Studies are in progress in an effort to clarify 
these moot points.’ Conceivably, a con- 
tributing factor in stimulating reparative 
processes of the mature fibrin clot, such as 
organization and recanalization, is_ the 
demonstrable effectiveness of heparin in 
enhancing and maintaining an elaborate 
collateral circulation. It is generally conced- 
ed that the phenomenon of recanalization 
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Fic. 5. Non-heparinized control; jugular veins of a rabbit six days after ligation and ham- 
mering; visible and palpable clots have been induced. 

Fic. 6. Photomicrograph of jugular vein (Fig. 5) with all coats intact. There is no classic 
evidence of clot, the blood being present as particulate masses with a minimum of fibrin 


(sludge); X 30. 


is to a large extent predicated on physi- 
cal factors. It is evident that the larger 
column of fluid blood, resulting from 
heparinization, pounding against small, 
recanalizing channels may well be responsi- 
ble for accelerating and augmenting or- 
ganization and recanalization. 

Treatment. Although methods of treat- 
ment of thrombophlebitis and/or phlebo- 
thrombosis are legion, two major thoughts 
have dominated the clinical scene during 
the past five years, namely, vein ligation 
and anticoagulation therapy. 

Surgical Interruption of Veins. While our 
contrary views on the matter of vein ligation 
have been set forth elsewhere?’ the literature 
abounds in articles advocating this form of 
therapy. The surgical approach to the 
problem of thromboembolism was initiated 
in America by Homans”’ and later elabo- 
rated by Welch and Faxon,*! Fine,*? Allen 
and his associates,** deTakats** and others. 


The knowledge that the majority of such 
emboli stem from the veins of the lower 
extremities led these investigators to divide 
the suspected vein, after preliminary throm- 
bectomy, on the faintest suspicion of 
phlebothrombosis. Indications for vein liga- 
tion have been based for the most part on 
clinical signs, whether or not corroborated 
by positive phlebograms.?!:*® 

In the few years during which unilateral 
superficial femoral vein ligation has been 
practiced, it has become apparent that fatal 
pulmonary emboli may derive from an un- 
suspected thrombotic process on the con- 
tralateral side so that bilateral superficial 
vein interruption has now become common 
practice. Even this procedure does not offer 
absolute protection against embolization. 
Allen, Linton and Donaldson report six 
deaths due to emboli subsequent to femoral 
vein ligation in a series of 1,300 patients. *® 
There are, furthermore, known fatalities in 


AMERICAN JOURNAL OF MEDICINE 


| 
j 
| 
“4 
Fe 
| 
¥ 


Anticoagulation Therapy—Loewe 


453 


Fic. 7. Jugular veins of a rabbit six days after ligation and hammering, with fourteen days of 
heparinization superadded. The walls are thickened but no gross evidence of thrombosis is 


apparent. Compare with Figures 3 and 5. 


Fic. 8. Photomicrograph of jugular vein (Fig. 7) with all coats intact; no evidence of clot or 
fibrin; note beginning collateralization. Compare with Figure 6. 


which the offending embolus originated 
from the profunda femoris vein proximal 
to the site of ligation of the superficial 
femoral vein. This has prompted Linton?! 
to divide the common femoral vein. The 
resultant edema from this procedure has 
admittedly been troublesome and has been 


observed to persist for a year or two or” 


longer. Since embolization from the pro- 
funda femoris may occur, Homans*’ has 
been impelled to advocate common iliac 
and even inferior vena cava ligation. How- 
ever, Homans _ reports that _ technical 
difficulties militate against thrombectomy, 
particularly in a phlebothrombosis of long 
standing, so that ligation must of necessity 
be carried out in continuity, even if a clot 
is present proximal to the ligature. Obvi- 
ously embolization from the _ proximal 
thrombus is not beyond the realm of 


possibility. 
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It must be stated that, although the 
majority of emboli derive from the pe- 
ripheral veins, the initiating site may at times 
be the pelvic veins for which surgical inter- 
vention, if it is to be effective, must perforce 
be a formidable procedure. Finally, in 
those patients with long standing thrombo- 
phlebitis, phlegmasia alba dolens, in which 
multiple infarcts have occurred, any surgical 
intervention short of vena cava ligation 
offers little prospect of cure. 

It thus appears that the pendulum of 
surgical therapy has reached the peak of its 
swing and the relatively innocuous proced- 
ures of a few years ago are being supplanted ~ 
by operations of considerable magnitude. 
In view of the failure to achieve a com- 
plete thrombectomy consistently in patients 
in whom adherent clot was found far 
proximal to the phlebotomy or because 
of the hazard of subsequent postoperative 
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Fic. 9. Jugular vein of a rabbit fourteen days 
after ligation and hammering with fourteen 
days of heparinization superadded. Minimal, 
if any, blood flow through the traumatized 
vessel (v). Note the rich, dilated, extensive 
compensatory collaterals (c). Compare with 
control, non-heparinized veins in Figure 11. 


embolizations, whether or not they are 
sublethal, Bancroft’ has advocated the post- 
operative use of heparin. Indeed, Allen?! 
reports that for patients with multiple in- 
farcts heparinization has been used with 
definite benefit. 

Although saving of life is the prime con- 
sideration of surgery, the resultant edema 
is most troublesome to the patient. Opera- 
tive procedures which interrupt not only 
venous but also lymphatic channels con- 
tribute considerably to this edema. While 
conservative treatment without heparin, 
consisting in the main only of bed rest and 
sedation, may occasion considerable edema 
in those who survive, the supplemental use 
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Fic. 10. Collateral vessel fourteen days after 
ligation and hammering of jugular vein with 
fourteen days of heparinization superadded. 
All the characteristics of a normal vein are 
present; X 27. 


of heparin/Pitkin menstruum results in 
minimal residual edema, certainly far less 
than that observed following operative 
intervention. 

It appears that the surgical approach, 
while efficacious in the majority of cases, 


has its limitations. In view of the complica- 


tions of the surgical approach in the treat- 
ment of thromboembolic disease, it 1s 
apparent that the anticoagulants assume 
prime importance. 

Anticoagulation Therapy. Anticoagulation 
therapy deals with the abnormal physiology 
of blood and lymph in the body. Of the 
anticoagulants, dicumarol and heparin have 
been the most widely used. 

Recourse to dicumarol is understandable 
because it can be administered orally. The 
effectiveness of the drug, however, is tem- 
pered by the difficulty in planning dosage 
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schedules and more important, because of 
its dangerous complications.**~*? There is 
great variability in the response to dicu- 


marol, this lack of uniformity of response — 


being present even in the same individual. 
Fixed dosage schedules cannot be estab- 
lished; patients must be individualized. 
The action of dicumarol is slow, from forty- 
eight to seventy-two hours being required be- 
fore its therapeutic effectiveness is achieved. 
This delay in action is due to the fact that 
dicumarol’s anticoagulation action is a 
reflection of its attack on the liver, inhibiting 
the formation of prothrombin. 

Due to delay in action and the variability 
of the patient’s response the drug is not 
always useful in the early critical stages of 
coronary thrombosis, in arterial thrombo- 
embolism generally and in arteriotomy or 
major pulmonary embolism when prompt 
anticoagulation effect is imperative. The 
delayed action and prolongation of effect 
after cessation of therapy are disadvantages 
during or shortly after operative procedures 
as well as in patients with anticipated, 
threatened or actual hemorrhage. Instances 
have been observed in which embolism, 
thromboses or progression of existing venous 
thromboses have occurred despite low blood 
prothrombins induced by dicumarol.*® Pa- 
tients receiving dicumarol require daily 
prothrombin determinations. Dicumarol 
should not be employed unless there are 
proper laboratory facilities for prothrombin 
determinations by acceptable technics. The 
latter are time consuming and relatively 
expensive. 

In the presence of liver disease the use of 
dicumarol is contraindicated. It has been 
attended by irreversible hemorrhage and 
death.*! Transfusions of fresh blood alone 
do not arrest the hemorrhagic tendency 
occasioned by the drug. Massive dosages 
of vitamin K are required which may, in 
turn, reinduce thrombosis. 

In summary then, the delayed action, 
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Fic. 11. Non-heparinized control; jugular veins 
of a rabbit fourteen days after ligation and 
hammering. The veins are thickened and 
fibrotic. Note the absence of compensatory 
collaterals. Compare with Figure 9. 


potential hazards, the unpredictable treat- 
ment failures and the requisite complicated 
but indispensable laboratory procedures 
militate against dicumarol as the anti- 
coagulant of choice. 

The properties of heparin which render 
it uniquely applicable in thromboembolic 
disease have already been enumerated. 
Until recently the routine use of heparin 
has been limited by the expense, the huge 
amount of drug required in the individual 
case and the cumbersome method of ad- 
ministration, which requires a continuous 
venoclysis or repeated daily intravenous 
dosage. The restriction of motion of the 
patient, the almost absolute certainty that 
superficial angiitis would eventually occur 
at the site of injection and the haphazard 
control of the clotting time rendered hepa- 
rin therapy useless unless constant super- 
vision was available. 

In an attempt to achieve prolonged ab- 
sorption of heparin, pellet and capsule 
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implantation in experimental animals was 
attempted. Erratic, unpredictable effects 
were observed. However, a slower and 
more uniform distribution of heparin was 
obtained by incorporation of the drug in 
the Pitkin menstruum developed to regulate 


TABLE I 
HEPARIN/PITKIN MENSTRUUM FORMULAS 


With 

Vesoconstrictors Vesoconstrictors 
Heporin, sodium salt, mg 3000 2000 300.0 2000 
Epinephrine hydrochioride, mg. 10 1.0 
Ephedrine sulfote, mg. 250 250 
Ciorobutonol, mg 05 o5 os 
Eucupm dihydrochionde, mg 10 10 1o 
Pitkin menstruum, cc 30 20 3.0 20 


the rate of release of water-soluble drugs in- 
jected intramuscularly or subcutaneously.''” 

The ingredients of the Pitkin menstruum 

are gelatin 15 to 30 per cent, dextrose 5 to 
12 per cent, glacial acetic acid 0.5 per cent 
and sufficient distilled water to make 100 
per cent. The rate of liberation of the con- 
tained heparin is inversely proportional to 
the viscosity of the menstruum; the optimum 
percentage of gelatin and dextrose were 
found to be 18 and 8 per cent, respectively, 
for the preparation containing heparin. 

Heparin/ Pitkin Menstruum. The ampuls* 

for clinical use (Table 1) are as follows: 
Heparin/ Pitkin menstruum (v.c.) 

Ampuls, 2 cc.—each ampul containing 
200 mg. heparin sodium 
salt with vasoconstrictors. 

Ampuls, 3 cc.—each ampul containing 
300 mg. heparin sodium 
salt with vasoconstrictors. 

Heparin/ Pitkin menstruum (plain) 

Ampuls, 2 cc.—each ampul containing 
200 mg. heparin sodium 
salt; no vasoconstrictors. 

Ampuls, 3 cc.—each ampul containing 
300 mg. heparin sodium 
salt; no vasoconstrictors. 

Dosage Plan. In general, body weight 

and individual reactivity dictate the amount 
of heparin /Pitkin menstruum to be used in a 


* Prepared and distributed by William R. Warner & 
Co., Inc., New York. 
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given case. For the initial injection, body 
weight may be used as a guide. Patients 
weighing up to approximately 150 pounds 
(67.8 Kg.) should be given an initial dose 
of 300 mg. of heparin sodium salt, patients 
over this weight should be given an initial 
dose of 400 mg. Subsequently, the dosage 
should be adjusted according to the in- 
tensity of the ‘‘heparin effect’’ as estimated 
by the coagulation time. Compared with a 
normal coagulation time of nine to fifteen 
minutes (Lee-White modification of How- 
ell’s method), a coagulation time of thirty 
to sixty minutes is considered an adequate 
‘heparin effect.” In actual practice it will 
be found that a conventional dose of 300 mg. 
of heparin will suffice for about 90 per cent 
of subjects who are normal reactors. The 
remaining 10 per cent are either hyper- or 
hyporeactors requiring 200 or 400 mg. 
dosages, respectively. 

Method of Administration. (1) Warm the 
ampul gently either by holding it under 
running, hot tap water or immersing it in 
a container of hot tap water until the con- 
tents become fluid; (2) shake thoroughly to 
disperse any precipitated material; (3) 
draw the contents of the ampul into a dry, 
sterile 5 or 10 cc. syringe, using a sterile 
needle, gauge 18 (2 inch length). After the 
contents have been drawn up, the 18-gauge 
needle should be replaced by a 20-gauge 
needle for the actual injection; (4) inject the 
contents immediately into the deep subcu- 
taneous (or superficial intramuscular) tis- 
sue, preferably in the anterior or lateral 
aspect of the thigh. When subsequent injec- 
tions are required, use the right and left 
thighs alternately and avoid sites of previous 
injection. Do not inject into sites where 
pressure may be exerted upon the injection 
area; (5) be certain that the contents of the 
syringe are not too hot prior to the injection. 
The syringe and contents should feel only 
slightly warm and (6) do not apply either 
heat or cold to areas of deposition unless for 
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purposes of accelerating or retarding re- 
lease of the drug. 

Clinical Use. In the average patient use 
the entire contents of one 3 cc. ampul con- 
taining 300 mg. of heparin sodium salt. 
This dose should be sufficient to keep the 
patient “‘heparinized”’ for approximately 
two days. (Fig. 12.) Therefore, administer 
the contents of one 3 cc. ampul every second 
day throughout the requisite period of 
heparinization. If the patient receives a 
blood transfusion during the period of 
heparinization, administer the contents of 
one 3 cc. ampul immediately following the 
transfusion, irrespective of when or how 
many previous deposits have been given. 

Method of Following the Patient’s Clinical 
Course. ‘The effect of heparin is judged by 
and based on determination of the blood 
coagulation time, which should be esti- 
mated daily throughout the period of 
heparinization. The capillary tube method 
is inaccurate and should not be used. The 
Lee-White modification of Howell’s method 
for determination of blood coagulation time 
is recommended. The technic of performing 
and estimating coagulation time is as 
follows: 

(1) Place four chemically clean, dry 
75 X 10 mm. test tubes in a rack. (2) With 
a sterile, dry syringe and needle withdraw 
about 2 cc. of venous blood from the subject. 
The test is timed from the moment the blood 
is first observed in the syringe. Remove the 
needle from the syringe. (3) Gently distrib- 
ute approximately 0.5 cc. of blood into each 
test tube. Discard the last air-containing 
fraction. (4) All glassware, syringes and 
needles must be absolutely dry. Moisture, 
alcohol, etc., invalidate the determination. 
(5) The vein must be negotiated cleanly. If 
difficulty is encountered, it is best to use a 
fresh needle and syringe. Even a small 
amount of tissue juice aspirated into the 
syringe will give a false result. (6) Once the 
blood is placed in the test tubes they must be 
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disturbed as little as possible while observing 
for the end point. It will be noticed that well 
heparinized blood will sediment very rap- 
idly. ‘The tubes should not be shaken after 
sedimentation of the blood. Look for clotting 
in the red cell layer as well as in the plasma 


Cooquiegqrams 


Oemonstrating Average Prolongation Of Coagulation Time Followng 
The Administration Of 300mg Heporin/Pithin Menstruum 


Mowry 


Fic. 12. Coagulograms demonstrating aver- 
age prolongation of coagulation times follow- 
ing the administration of 300 mg. heparin/ 
Pitkin menstruum. 


layer by gently tilting the tubes. In un- 
clotted blood the red cell layer will flow as 
the tube is angled. (7) First, gently tilt one 
tube and note the flow of the red cell layer. 
If the flow is rapid discard the tube and 
wait about five minutes before the second 
tube is angled. In this way the end point 
may be approximated and then finally ac- 
curately determined from the third or fourth 
tube. Once any of the tubes are disturbed 
they should be discarded, and (8) the pa- 
tient’s coagulation time should be deter- 
mined before heparinization for control 
purposes, after which the coagulation time 
should be estimated daily (twenty-four 
hours after the heparin injection and imme- 
diately before the next injection. 


REACTIONS, COMPLICATIONS IN THE USE 
OF HEPARIN / PITKIN MENSTRUUM 


(1) The local pain, swelling and tender- 
ness of the earlier preparations is ascribable 
to the precipitate which was found to be due 
to a combination of heparin and eucupin. 
The pain factor induced by this precipitate 
was at times excessive but could be con- 
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trolled by adequate sedation. This objection 
to the preparation, the pain factor so dis- 
turbing to the patient, has now been con- 
trolled by careful buffering so that the pH 
of the gel is more physiologically acceptable 
and the tendency to precipitation noted in 
the original ampuls is overcome. Other side 
effects of the heparin Pitkin menstruum 
preparations are trivial.**'® On rare occa- 
sions some oozing will occur from the needle 
puncture. In the several thousand deposits 
that have been made there was but one 
instance of hematoma of sufficient propor- 
tion to justify interruption of heparinization 
in a patient with postpartum thrombo- 
phlebitis. The patient made an uneventful 
recovery. 

(2) Following the administration of a 
dose of 200 or 300 mg. of heparin sodium 
salt combined with vasoconstrictor drugs, 
the patient will occasionally complain of 
palpitation and nervousness. These reac- 
tions require no treatment and disappear 
within a short time. 

(3) Digitalis is said to inhibit the anti- 
coagulant action of heparin. If possible 
avoid the use of this drug during the period 
of heparinization. 

(4) If suspension of heparin activity is de- 
sired, small transfusions of whole blood or 
relatively fresh bank blood will inactivate 
any circulating heparin. An ice bag applied 
to the site of deposit or a tourniquet above it 
will suspend or slow up the absorption of the 
drug. In our experience the use of protamine 
for abrupt interruption of heparinization 
has not been necessary. 

(5) In hypertensive patients or those with 
myocardial disease it is preferable although 
not mandatory to use heparin without vaso- 
constrictor drugs in order to avoid the tran- 
sitory subjective vasoconstrictor effects. 

Suggestions for Treatment. (1) In patients 
with thrombophlebitis it is advisable to in- 
ject the heparin into the thigh which is nor- 
mal. Avoid using the affected thigh for 
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deposition of heparin until the swelling has 
partially receded. (2) For hyper-reactors 
employ the 2 cc. ampul which contains 200 
mg. of heparin sodium salt. For hyporeac- 
tors administer 400 mg. This is accomplished 
by combining two cc. ampuls each contain- 
ing 200 mg. of heparin sodium salt. When 
vasoconstrictors are indicated use only one 
ampul with vasoconstrictors in the combi- 
nation, inasmuch as the amount of vasocon- 
strictor drugs contained in the one ampul 
will suffice for the entire dose of heparin. (3) 
As a general rule, for effective heparinization 
the blood coagulation time should be not 
less than three times the control coagulation 
time, i.e., thirty to forty-five minutes as 
contrasted with a control time of nine to 
fifteen minutes. 


CLINICAL DIAGNOSIS 


For optimum results heparin therapy 
should be inaugurated as early as possible. 
The advantages of preventing spread of 
thrombosis before it may give rise to pul- 
monary embolism or serious local damage 
are obvious and have been stressed re- 
peatedly in the literature.4* Admittedly, 
thromboembolism may be a treacherous 
and unpredictable condition; at times it 
occurs catastrophically and without warn- 
ing. Nevertheless, if one is alert for slight 
premonitory signs, these will be discovered 
more often than has been supposed. One 
such diagnostic sign, described by Allen,?! 
is an inexplicable rise in the pulse, tempera- 
ture and respiration at the same reading or 
observation. When after operation these 
have shown the normal downward course, 
any fresh rise, however small, after the 
fourth or fifth day must always evoke suspi- 
cion. This applies also to the parturient 
and to patients with fractures. Another 
sign sometimes observed is an unaccount- 
able feeling of disquietude and restlessness 
which affects the patient. He may state, 
perhaps not until questioned, that he was 
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kept awake during the night by a faint ache 
and a feeling of cramp in one of the calves, 
so-called ‘‘charley horse,” a symptom which 
may already have disappeared. Complaint 
of even a slight stitch or pain in the chest 
must arouse strong suspicion of pulmonary 
infarction which is confirmed if the patient 
develops an irritative cough or expectorates 
blood-streaked sputum. It may be assumed 
that the majority of so-called “‘lung com- 
plications’’ observed postoperatively or post- 
partum, as well as in aged people confined 
to bed for reasons other than general de- 
bility, are due to pulmonary infarcts 
secondary to thrombosis somewhere in the 
peripheral parts of the body. 

If any of these general signs are noted, a 
detailed physical examination must be made 
to elicit the cause. Examination consists of 
palpation of the groins, inner aspect of the 
thighs, popliteal spaces, the calves and the 
veins of the feet for swelling and tender 
areas. Conspicuous signs need not neces- 
sarily be present. In early cases one may 
note only slight swelling of the lower leg, an 
increased glossiness and tension of the skin, 
a faintly cyanotic discoloration in compari- 


son with the other leg and prominence of — 


the superficial veins of one leg as compared 
with the other. All these signs need not 
necessarily be present but if one or more of 
them is observed the probability of an in- 
cipient thrombosis is considerably increased. 

The most important sign 1s direct tender- 
ness in the calf, discovered by pressure with 
the palpating fingers. Such tenderness will 
be more significant if none is elicited when 
the muscles of the same level are compressed 
from side to side. An increase in the con- 
sistency of the muscular part of the calf is 
another customary feature of thrombosis. 
Finally, the foot is brought into dorsal 
flexion and if pain is induced (Homans’ 
sign) it is very suggestive of deep venous 
thrombosis. 


Phlebography. ‘The clinical importance 
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of phlebography of the lower extremities is 
still unsettled. It seemed to us that the latter 
could be more clearly defined as an aid to 
the evaluation of the procedure. In a study 
by Epstein, Wasch and Loewe, ** apparently 
normal individuals were subjected to phle- 


 bography of the lower extremities, as a re- 
sult of which the following conclusions 


seemed warranted. Within its limitations 
phlebography may provide information as 
to the patency of the superficial and deep 
venous circulation. The normal variations 
which may be observed in phlebograms of 
the leg make it hazardous to venture adiag- 
nosis in the absence of very striking changes. 
There is a marked variation in the appear- 
ance of the deep leg veins which makes it 
extremely difficult to reach any trustworthy 
conclusion as to the presence of intrinsic 
thrombotic changes in those areas. The 
appearance of the popliteal and femoral 
vein is more consistent but here, too, nor- 
mal variations occur which may confuse the 
unwary into venturing a diagnosis of throm- 
botic changes. Because of the difficulty of 
establishing the normal standard we have 
abandoned the routine clinical use of 


phlebography. 


ANALYSIS OF RESULTS AND CLINICAL 
OBSERVATIONS 


The clinical deportment of heparin/Pit- 
kin menstruum has been observed in 251 
patients representing all forms of venous 
thromboembolic disease. (Table 1.) Some 
of the categories have afforded more cases 
than others but, on the whole, there are a 
sufficient number of cases for purposes of 
observing and evaluating the effects of 
heparin/Pitkin menstruum in thromboem- 
bolic disease. The results have been most 
gratifying, being signally successful in throm- 
bophlebitis irrespective of etiology. _ 

The final judgment in any treatment pro- 
gram for thromboembolic disease is predi- 
cated on the statistics with respect to pul- 
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monary embolization. It is noteworthy that 

of the 251 patients, ninety-five had from one 

to six pulmonary embolizations prior to 

initiating subcutaneous heparin therapy. 

There were five fatalities in this series of 251 

patients (1.9 per cent). Four of the fatalities 
TABLE 


HEPARIN /PITKIN MENSTRUUM IN THE TREATMENT OF 251 
CONSECUTIVE PATIENTS WITH VENOUS THROMBOEMBOLIC 


DISEASE 
No of Patents Oeoms Ove to 
Cleseficotion No. of Potents with Pulmonory Putmonory 
Embot: retior Embotizotion 
Post - operative Thrombophiebits 
and /or Phiebothrombos:s 102 45 5 
Thrombophietitrs and/or Priebo- 
Post-portum Thrombopnied:t:s 30 7 ° 
Post-intectious Thrombophiebitrs 10 ° 
Post-troumatic Thrombophiebit:s 6 5 
Totots 251 95 5s usar" 


© Occurring without ascertomabie exciting couse (Mrombophiles), of comphoohen of cercinome , 
varicose vems, 


@ of me trectmen! toiures occurred Defore fhe optimum frectmen progres 


came early in our experience and served as 


an object lesson for standardizing and. 


formulating our present program of therapy 
and dosage schedules. 

The fifth treatment failure occurred in a 
sixty-three year old obese, white woman 
who had, at the outset, an obscure clinical 
syndrome which ultimately proved to be 
bilateral massive thrombophlebitis with re- 
peated extensive pulmonary embolic epi- 
sodes. The clinical diagnosis was at no time 
characteristic and even after thrombotic in- 
volvement of peripheral veins was evident, 
it was believed that the clinical picture was 
secondary to an underlying malignancy. 
Heparin/ Pitkin menstruum therapy was in- 
augurated more than three weeks after the 
known onset of the condition. A standard 
dosage schedule was administered, the pa- 
tient receiving 300 mg. of heparin/Pitkin 
menstruum subcutaneously every other day 
for five injections with seemingly satisfactory 
anticoagulation responses. Despite this the 
patient went into deep shock as a result of 
massive pulmonary embolus. At necropsy 
the deep veins of both lower extremities 
were found to be completely occluded, with 
massive thromboses extending up-to and 
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involving both femorals, iliacs, the inferior 
vena Cava, Ovarian veins and renal veins. 
The extent of the thrombotic lesion, which 
was never suspected clinically, evidently 
made the patient refractory to the average 
doses of heparin. Our experience leads us to 
believe that there is a parallelism between 
thrombus mass and heparin requirements. 
Had the extent of the lesion been recognized 
and the dosages intensified, further throm- 
bus formation might perhaps have been 
prevented. It seems hardly likely that the 
patient would have survived high vena cava 
ligation, nor is it possible to assume that 
further embolization would have been ob- 
viated. As a result of the experience in this 
patient the following program has been 
formulated. Once the diagnosis of thrombo- 
phlebitis or venous thromboembolism has 
been entertained in an individual who has 
been ill for some time, it must be assumed 
that the condition has, from the very outset, 
been one of intravascular thrombosis and a 
greatly intensified dosage schedule must be 
instituted. Such a dosage schedule might 
well be 400 to 500 mg. every other day, or 
even daily, in order to maintain coagulation 
times between one and two hours. This com- 
pares with a coagulogram of thirty to sixty 
minutes obtained with conventional dosages 
of 300 mg. every other day, which is ade- 
quate for the average patient. It may well be 
that patients with massive, widespread 
thromboses can be salvaged only in this 
manner, if at all. The importance of early 
diagnosis in order to obtain optimum results 
cannot be overemphasized. 

In contrast to these treatment failures, 
mention may be made of seven patients 
with multiple pulmonary emboli despite 
vein ligation, with complete recovery fol- 
lowing use of the subcutaneous heparin 
preparation. 

* Particularly significant and informative 
are the twenty-two patients who were suc- 
cessfully treated with heparin in the Pitkin 
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menstruum following single or multiple 
massive pulmonary embolizations without 
any manifestation of peripheral vein in- 
volvement; these patients could not con- 
ceivably be subjects for proximal vein 
ligation. Finally, it is worthy of comment 
that in seven patients subcutaneous heparin 
was successfully employed following failure 
with dicumarol. 

In uncomplicated phlebothrombosis, he- 
parinization need be continued only for 
seven to ten days, while cases complicated 
by pulmonary infarction, either single or 
multiple, require an additional seven to ten 
days of heparinization. The full heparin 
effect must be present when the patient is 
first allowed out of bed and continued until 
the patient is fully ambulatory. This con- 
servative span of treatment is postulated not 
only on the basis of clinical experience but 
also as the result of experimental work indi- 
cating the time needed for restoration of the 
vascular stream and the importance of giv- 
ing sufficient treatment to allow and _pro- 
mote collateralization and development of 
the tributary vein system. 

It is evident from a critical review of our 
series of patients that our extensive trial of 
subcutaneous heparin in the Pitkin men- 
struum has given good results. Sulfonamides 
and penicillin may be used in conjunction 
with heparin but heparin alone in clinically 
established thrombophlebitis, irrespective of 
etiology, consistently gives good if not dra- 
‘matic results. These include diminution of 
temperature, pain and swelling, which often 
become manifest within a few hours after 
injtiation of therapy. This improvement is 
predicated on limitation in the progress of 
the formed thrombus, while the original in- 
flammation expends itself and the thrombus 
either resolves or becomes organized. Since 
there is no further actual propagation of 
thrombus, there is a rapid and marked 
diminution in vasospasm. Morbidity is les- 
sened and convalescence accelerated. 
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Coincident with the institution of he- 
parin therapy the liberal use of papaverine 
is recommended, 1 to 3 grains every four 
hours intramuscularly or even intravenously 
and, later, maintenance dosages by mouth. 
Smoking is strictly prohibited. Paraverte- 
bral block, although used extensively in 
arterial occlusions, is not used by us in 
thrombophlebitis as a routine measure since 
we have found that venous spasm disappears 
promptly following administration of sub- 
cutaneous heparin. 

As has been described earlier the general 
systemic anticoagulation effect of heparin 
seems to us to be a more rational therapeutic 
weapon than local vein ligation, especially 
since the precipitating cause of thrombo- 
sis is not yet known and the initiating 
site of thrombosis can be ascertained in 
many cases only by vague and indetermi- 
nate clinical.signs. ‘The ready availability 
of immediate, adequate and rational con- 
servative treatment without moving the 
patient has caused vein ligation to be sup- 
planted in our clinic by subcutaneous he- 
parin therapy. 


HEPARIN/PITKIN MENSTRUUM IN THE 
TREATMENT OF THROMBOEMBOLIC 
DISEASE COMPLICATING THE PUER- 

PERIUM AND GYNECOLOGIC 
SURGERY 


Of the 251 patients with venous thrombo- 
embolic disease (Table 1) receiving he- 
parin/Pitkin menstruum, fifty-three (Table 
111) were obstetric or gynecologic patients. 
Thirty-four of these fifty-three patients 
were obstetric and nineteen presented gyne- 
cologic problems. One of the thirty-four 
parturients received the treatment for 
phlegmasia alba dolens which developed 
forty-eight hours prior to the onset of labor. 
In the latter patient the therapy was inter- 
rupted during actual labor and was begun 
again in the postpartum period. Instructions 
to interrupt heparinization at the very onset 
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of labor were not carried out until several 
hours after delivery. Significantly in this 
case there was somewhat less than the antic- 
ipated amount of immediate post-delivery 
bleeding, despite the fact that the patient 
was actively heparinized at the time of de- 


TABLE Ul 
HEPARIN/PITKIN MENSTRUUM IN THE TREATMENT OF 53 
PATIENTS WITH THROMBOEMBOLIC DISEASE COMPLICATING 
THE PUERPERIUM AND GYNECOLOGIC SURGERY 


No of Potent: Deorms Ove to 
Cless:ficoton No of Ponents with Pulmonary y 
Embonzotior rotor 
Pre -portum Thrombophied:trs ° ° 
Post - portum Thrombapnied:tis 29 7 
Post - operctive Thrombophiebits ond/or 
Ceesornan Section « ‘ 
Mysterectomy 
Voginal Plastic 4 ° 


livery. Of the remaining thirty-three partu- 
rients, twenty-hine were delivered vaginally 
and four by cesarean section. Eight of the 
parturients embolized prior to therapy, in 
two cases despite femoral vein ligation. ‘Two 
patients were dicumarol failures prior 
to inaugurating subcutaneous heparin/Pit- 
kin menstruum therapy. Manifestations of 
thromboembolism were present in nineteen 
postoperative gynecologic patients; fifteen 
following abdominal hysterectomy and four 
following vaginal plastic procedures. ‘Ten in 
the group had one or more pulmonary em- 
boli prior to heparin therapy and four pa- 
tients had emboli despite vein ligations. 

The heparin treatment program was that 
adopted for venous thromboembolism. The 
span of treatment for uncomplicated throm- 
bophlebitis and/or phlebothrombosis was 
ten days to two weeks. For patients with 
pulmonary embolization an additional week 
or two of therapy was required depending 
upon the extent of pulmonary infarction. 
In any event the full heparin effect was pres- 
ent when the patient was first allowed out of 
bed. 

Most informative are the statistics with 
respect to the patients who had pulmonary 
embolization. There were eighteen patients 
in this group with one fatality, representing 
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1.8 per cent of the entire series of fifty-three 
patients and 5.5 per cent of the eighteen 
patients who had suffered from one or more 
episodes of pulmonary embolization. 

The treatment failure, as previously re- 
ported, followed sequential femoral vein 
ligation for recurrent pulmonary emboliza- 
tion incidental to phlebothrombosis follow- 
ing operation for premature separation of 
the placenta. Subcutaneous heparin was dis- 
continued prematurely two days after the 
initial left femoral ligation, because the 
pulmonary findings were attributed to virus 
pneumonia which was prevalent at the time. 
The right femoral vein was ligated about 
ten days after the left femoral vein ligation. 
Lethal massive pulmonary embolization 
ensued on the third day following the right 
femoral vein ligation. Necropsy disclosed 
old, adherent thrombi in the left iliac and 
left hypogastric veins which were probably 
the source of the emboli found occluding the 
right pulmonary artery and main branch of 
the left lower lobe. 

This fatality, the only one in this group of 
gynecologic and obstetric patients, must be 
catalogued as a treatment failure for com- 
bined thrombectomy, vein ligation and sup- 
plemental subcutaneous heparin therapy, 
although the latter was suspended after 
much too short a span of treatment. 

One of the obstetric patients suffered a 
hematoma at the site of one of the injections 
which did not interfere with the progress of 
the treatment program, the patient making 
an uneventful recovery. In this patient, as in 
all the other patients treated in the early 
stages of the disease, the hospital stay was 
definitely curtailed and the disfigurement 
eliminated or significantly reduced. 

While the addition of antibiotics and/or 
sulfonamides to the treatment program is 
not discouraged, these are not necessary in 
the management of the usual type of throm- 
boembolism encountered in obstetric and 
gynecologic practice. However, should there 


AMERICAN JOURNAL OF MEDICINE 


Anticoagulation Therapy— Loewe 


be any identifiable infective etiologic condi- 
tion, an antibiotic and/or chemotherapeutic 
program should be pursued intensively 
according to the nature of the infective organ- 
ism. The mere presence of a febrile reaction 
does not connote bacterial invasion and may 
well be attributable to the presence of intra- 
vascular thrombosis, particularly when the 
blood clot engages the vessel wall and pre- 
cipitates an inflammatory intimal reaction. 

The results in this series are satisfactory as 
judged by effective control of pulmonary 
embolization, marked amelioration of pain 
and discomfort, rapid recession of edema, 
reduction in morbidity, acceleration in con- 
valescence and virtual absence of residual 
edema particularly when patients are treated 
without delay. 


PROPHYLAXIS 


The problem of prophylaxis in the field 
of thromboembolism has engaged our atten- 
‘tion as it pertains to the use of subcutaneous 
hep rin/Pitkin menstruum. 

Despite early ambulation in the post- 
operative and postpartum patient, there is 
an irreducible occurrence of venous throm- 
boembolism.*®*° The widespread general 
use of anticoagulation therapy in the pros- 
pective surgical and obstetric patient, while 
ideal, is not practical or feasible at present. 
As a result we have expended a great deal of 
time and effort in an endeavor to detect the 
potential clotter, the thrombophiliac. A 
straw in the wind is the report by Morrison, 
Richter and Loewe on blood platelet cluster- 
ing.*® The report deals with the method and 
interpretation of a proposed clustering test. 
Clustering and/or increase in numbers of 
platelets is directly proportional to their 
coagulability’ The most obvious characteris- 
tic of the blood platelet is its clustering 
propensity.?*?” A simple routine blood 
platelet clustering test was devised as a 
means of establishing the coagulative status 
of individuals in comparative health and in 
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disease. In a study of 200 subjects a correla- 
tion between this test and thromboembolism 
was indicated. Its value as a means of de- 
tecting the clusterer, the thrombophiliac 
and potential clotter, was suggested. ‘The 
presumptive thrombophiliac and potential 
clotter, identified by his blood smear, may 
then conceivably be protected by proper 
anticoagulation measures during pregnancy 
and infections, prior to anesthesia and pre- 
and postoperatively. Clinical and experi- 
mental investigation of the réle of blood 
platelet clustering in health and disease is 
being pursued. 

While the use of anticoagulants preopera- 
tively is not generally advocated at present, 
its prepartum use has been suggested in re- 
cent reports.‘”*® Our own related experi- 
ence with heparin/Pitkin menstruum in the 
obstetric wards may well suggest its ultimate 
adoption as a prophylactic prepartum 
measure. 7 

A rich field for prophylaxis is in the man- 
agement of patients with severe coronary 
artery disease and coronary artery incom- 
petency who are extremely suceptible sub- 
jects for coronary artery thrombosis. ‘This 
was originally suggested by the ease with 
which heparinization was continued and 
accomplished for long periods of time in 
ambulatory patients who were up and about 
following severe intravascular thromboses. 
We consistently encountered patients who 
required doses of 300 to 400 mg. of heparin 
in the “Pitkin menstruum every other day in 
order to achieve adequate coagulograms 
during* the active phases of the disease. 
These same patients, when there was no 
longer any clinical or other evidence of the 
persistence of thrombosis, could then be 
maintained in a heparinized state on as 
little as 100 mg. of heparin in the Pitkin 
menstruum deposited every second to sev- 
enth day or longer. This spacing permitted 
the patients to be treated as ambulatory 
subjects without inconvenience. As already 
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indicated there is apparently a direct rela- 
tionship between the mass and extent of 
thrombosis and the degree of response to 
heparin. As the clots disappear the indi- 
vidual becomes less resistant and more re- 
sponsive to the anticoagulant. 

The results of our prophylactic manage- 
ment of ambulatory patients with thrombo- 
philia, recurrent thrombophlebitis, potential 
coronary artery thrombosis, peripheral vas- 
cular disease with menace of complicating 
thrombosis, or the cardiovalvular patient 
with or without auricular fibrillation who is 
suspected of having thrombi in the chambers 
of the heart or in peripheral veins, have 
been sufficiently gratifying to justify con- 
tinuation of the project. 

The prophylactic use of heparin/Pitkin 
menstruum in blood vessel surgery has been 
recommended by Blakemore and Lord**® 
and its use in the prevention of gangrene 
following frostbite is suggested by the experi- 
mental work done in this field.*”""* 


HEPARIN/PITKIN MENSTRUUM IN THE 
TREATMENT OF ARTERIAL 
THROMBOTIC DISEASE 


Results in the conservative treatment of 
venous thromboembolic disease with sub- 
cutaneous heparin in the Pitkin menstruum 
have been so gratifying that it seemed 
logical to apply this therapy to the manage- 
ment of arterial thrombotic disease. Ex- 
ploratory studies were done in order to 
observe the clinical behavior of this prepara- 
tion in the presence of various types of 
intra-arterial clotting. ‘The clinical observa- 
tions were sufficiently promising to justify a 
preliminary report.® | 

Peripheral Vascular Disease. ‘The various 
arterial lesions included in this study were 
intra-arterial emboli, diabetic gangrene, 
thromboangiitis obliterans and ergotism. 

Although the pathogenesis differs in the 
various thrombotic diseases of the peripheral 
arteries the common denominator is throm- 
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bus formation. While recanalization of 
thrombus may supervene sufficiently to 
maintain the vascular stream and retain the 
viability of the affected limb, as a rule loss of 
tissue with gangrene is the ultimate fate of 
the untreated case of intra-arterial throm- 
botic occlusion, Through the use of heparin 
propagation of thrombus is inhibited and 
the patency of the affected vessel and unin- 
volved collaterals is maintained. As a result 
loss of tissue is minimized or completely 
obviated and recanalization of the affected 
major vessel is enhanced. Clinical observa- 
tions thus far have shown satisfactory re- 
sponse in terms of amelioration of pain, 
restoration of normal color, tone and lividity 
to the tissues, delineation of any gangrenous 
process and increase in pulsation of blood 
vessels in the affected parts. In general, 
those patients fared best who received the 
optimum treatment program within a few 
hours after the occlusive process became 
evident. 

It is advisable to use heparin without 
vasoconstrictor drugs (Table 1) in throm- 
botic arterial disease in order not to aggra- 
vate the complicating factor of arterial 
spasm. This may necessitate more frequent 
administration or a stepped up dosage plan 
(400 mg. every other day or daily) because 
of the more rapid depletion of the individual 
deposit. 

Papaverine is used concomitantly in 
liberal dosages, first by the intramuscular 
or intravenous route in 1 to 3 gr. dosages 
and subsequently by mouth in maintenance 
dosages of 1 to 114 gr. every four hours. 
Paravertebral sympathetic block is used 
when indicated and repeated whenever 
necessary in the presence of protracted 
vasospasm. The vasospasm is apparent for 
the most part during the early stages of the 
treatment program before heparinization is 
in full effect. Rarely is sympathetic block 
necessary following the first or second de-- 
posit of heparin/Pitkin menstruum. The 
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conjoint use of Etamon (tetraethylammo- 
nium) * as a means of supplanting sympa- 
thetic nerve block is being explored.*° 

Heparin/ Pitkin Menstruum in ‘the Treatment 
of Thrombosis of Cerebral Arteries or of Retinal 
Vessels. ‘This has been attempted with 
signal success only in the few patients treated 
very soon after the thrombosis occurred. A 
delay of but a few hours results in irreversi- 
ble damage to brain tissues due to the 
ischemia and irreversible damage to the 
receptor mechanism of the eye. In cerebral 
thrombosis there is the added hazard of 
distinguishing between cerebral hemorrhage 
and cerebral thrombosis; when there is any 
possible equivocation regarding the diagno- 
sis, anticoagulation therapy must, of course, 
be withheld. 

Heparin/ Pitkin Menstruum in Coronary Artery 
Thrombosis. Coronary artery thrombosis 
offers a very fertile field for anticoagulation 
therapy. In coronary artery thrombosis 
there is a triphasic therapeutic attack. First, 
and most important perhaps, is to prevent 
propagation of the thrombus from what, in 
many instances, is merely an occlusive in- 
volvement of small twigs of the coronary 
vessels. In this manner it is hoped to limit 
the degree of myocardial infarction and con- 
sequent myocardial damage. All too often 
the propagation thrombus is the lethal fac- 
tor. The second treatment approach is pre- 
vention of embolization from mural thrombi 
secondary to the myocardial infarction. The 
third phase of the treatment is leveled at the 
not infrequent thrombotic involvement of 
deep venous channels resulting from slowing 
of the vascular stream in the bedridden con- 
valescent patient. The ominous resultant 
pulmonary embolization may be clinically 
confusing at times and erroneously attrib- 
uted to cardiac factors. Dicumarol is 
admittedly useful only in the second and 
third phases of therapy®’ ** and is not help- 


*We wish to thank Parke, Davis & Company for 
generous supplies of this drug. 
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ful, because of its delayed action, in the 
initial phase of thrombus propagation. 
Heparin/Pitkin menstruum, because of its 
prompt action and simplicity of subcutane- 
ous administration, would seem to be the 
anticoagulant of choice, particularly in the ~ 
initial and important aspect of coronary 
thrombosis. The results in a controlled 
series of patients with acute coronary 
thrombosis, electrocardiographically con- 
firmed, have thus far been most encouraging. 
For optimum effects the immediate ad- 
ministration of anticoagulation therapy is 
essential. 


SUMMARY AND CONCLUSIONS 


1. The functional pathology of intravas- 
cular clotting has been outlined as a basis 
for evaluating the treatment of thromboem- 
bolic disease. The rationale of anticoagula- 
tion therapy has been presented. 

2. Experimental investigations and clini- 
cal observations indicate that heparin plays 
a vital réle in arresting the progress of 
intravascular thrombosis and promotes res- 
toration of the vascular stream. It also 
enhances collateralization. 

3. Over 400 patients with various forms 
of thromboembolic disease have been treated 
with heparin/Pitkin menstruum. This series 
included 251 consecutive patients with 
venous thromboembolic disease. 

4. The treatment of venous thromboem- 
bolic disease with subcutaneous heparin in 
the Pitkin menstruum was attended with 
lessened morbidity, prompt and rapid clini- 
cal improvement and little or no residual 
edema. The causative factors responsible for 
the five treatment failures have been ana- 
lyzed. ‘Treatment failures with other meth- 
ods have subsequently ended in recovery 
following the routine administration of the 
heparin/Pitkin menstruum preparation. 

5. Exploratory studies in the field of 
prophylaxis and in the treatment of various 
arterial thrombotic disorders, including 
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coronary artery thrombosis and peripheral 
vascular disease, are sufficiently promising 
to justify further intensive investigations. 

6. As a result of observations of its clini- 
cal deportment in over 400 patients with 
thromboembolic disease, the subcutaneous 
administration of heparin in the Pitkin men- 
struum is recommended as a safe, simple, 
practical and effective method for anticoagu- 
lation therapy of intravascular thrombosis. 
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GORDON MURRAY, M.D. 
TORONTO, CANADA 


HILE the etiology of thrombosis -* 
\ \ and intravascular clotting is still 


obscure, the presence of this dis- 
ease can make itself known in one of several 
mundane or melodramatic ways. The phys- 
iologic function of clotting provides for 
repair in the normal course of events of the 
vascular system and for the acute emergency 
of bleeding. It may be life-saving when 
the vessels are injured, as in external or 
internal hemorrhage, making this a vital 
function. However, if the process goes wild 
or under certain conditions goes into action 
under adverse circumstances, then instead 
of being a life-saving measure it may deal a 
death blow. The action of this function 
throughout the whole vascular tree, arterial, 
cardiac, venous and capillary, makes the 
possible ramifications of the manifestations 
of clotting a matter of very particular and 
significant clinical importance. 

If the patient with degenerative disease of 
the vascular bed in the brain has the mis- 
fortune to burst a vessel, it is a matter of the’ 
greatest importance whether the clotting 
process can stem the hemorrhage. On the 
other hand, if in the coronary system a 
. thrombosis occurs, the clot becomes a 
menace and the prospects for recovery de- 
pend on various circumstances which are 
almost beyond clinical control at the present 
time. If, in the vessels of the intestinal tract 
extensive thrombosis occurs, a mesenteric 
thrombosis, the patient’s future is in grave 
doubt unless surgical interference can eradi- 
cate the disease and further thrombosis can 
be prevented. The benign effect of a local 
thrombosis in a varix of a varicose venous 


tree may have no more importance than the 
balmy breezes of early spring. However, if a 
similar process, either by extension or pri- 
mary effect, involves the important venous 
trunks in the lower extremity or elsewhere, 
then a situation is created in which the out- 
come is most uncertain. Whether the lesion 
remains localized in this area or will shed 
an embolus which may be fatal, is purely a 
matter of accident. Again, in many surgical 
operations on the vascular tree, especially in 
the repair of arteries and in the Blalock 
operation, the appearance of thrombosis 
may be an advantage under some conditions 
and under others it may nullify the most 
careful efforts of the best surgeon and de- 
stroy the patient’s hopes and prospects for 
benefit from surgery. The survival of the 
patient, the survival of the extremities and 
the reputation of the attending doctor may 
be at stake. 

Because of the possible widespread mani- 
festations of thrombosis and its complication, 
embolism, and because of the difficulty in 


defining the area involved and the level to. 


which it has progressed, it would seem ex- 
ceedingly difficult by surgical means alone 
to eradicate the threat of the disease. It is 
impossible to be sure by surgical methods 
alone that the condition is adequately under 
control. For that reason, therefore, it 1s sug- 
gested that an anticoagulant which reaches 
all remote corners of the vascular tree may 
have advantages under certain conditions. 
For example, in a patient who has a pul- 
monary embolism and has survived the 
initial shock, the prognosis may still be in 
doubt because of the possibility of the occur- 


* From The Department of Surgery, Toronto General Hospital, Toronto, Canada. 
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ence of another embolism, and also because 
of possible extension of thrombosis in the 
pulmonary tree from the embolus already 
present. It has been well demonstrated by 
careful dissection of lungs in a case with one 
large embolus that there can be extension 
of this embolus to include different and more 
important branches of the pulmonary tree, 
until so much was occluded as to cause a 
fatal issue. This condition is completely out- 
side the range of approach of surgery of the 
present day. Even though the Trendelen- 
burg operation may remove the original 
embolus this must be done within a short 
time. If the embolus has been zn situ for a 
few days and progressive thrombosis has 
occurred, it cannot be removed completely 
and the patient cannot be protected from 
extending thrombosis. Under these condi- 
tions we have clinical evidence that ade- 
quate anticoagulant therapy may prevent 
the further extension of the disease and 
allow the condition to heal. | 

While there are many anticoagulants and 
many different methods of application, the 
author’s point for discussion in this paper is 
the administration of heparin by the intra- 
venous drip method or intermittent injec- 
tion method. While the subcutaneous 
method has been explored! and dicumarol 
has been administered with satisfaction, 
nevertheless, he will confine his remarks to 
the administration of heparin. 

The author’s experience is based on the 
administration of heparin experimentally in 
a great many animals, under various surgi- 
cal procedures, and on the treatment of 
patients indicated as follows: 

(1) Four hundred postoperative cases in 
which patients were treated with an anti- 
coagulant with the object of cutting down 
the incidence of thrombosis and conse- 
quently of pulmonary embolism. In this 
group no patient developed peripheral 
thrombosis and there were no cases of pul- 
monary embolism. Our experience _ ob- 


AMERICAN JOURNAL OF MEDICINE 


469 


viously includes too few cases to be of much 
significance except that the treatment 
was carried out in groups of patients in 
whom our hospital statistics showed that 
thrombosis and pulmonary embolism 
reached the highest recorded figures. 

(2) Three hundred eighty-six patients 
with venous thrombosis in whom treatment 
by anticoagulants was carried out with the 
object of preventing pulmonary embolism 
and as treatment for progressive thrombosis 
in the venous tree with the hope of relieving 
symptoms and diminishing the ill effects 
which are so evident following venous 
thrombosis, such as persistent edema, vari- 
cose veins, ulceration, etc. All these patients 
had typical symptoms and signs of venous 
thrombosis before treatment was started. 

The results of treatment were satisfactory 
in that none of the patients had pulmonary 
embolism; moreover, the late effects of the 
thrombosis were less severe than in a control 
group. There was less persisting edema, 
fewer ulcers in a nine-year period and fewer 
varicose veins during this time. 

(3) One hundred seventy-two patients 
with pulmonary embolism were treated 
with anticoagulants. The patients were not 
selected and obviously were those that had 
survived the first embolism. In many of 
these the patients were in extremis at the 
beginning of treatment. Fifty-two presented 
a state which is very familiar; the patient in 
alarming shock, with no palpable pulse at 
the wrist, bordering on unconsciousness and 
with all the serious and dreadful effects of 
massive pulmonary embolism. From an 
analysis of histories of the hospital, together 
with the postmortem findings, it has been 
demonstrated, as shown in a previous paper,” 
that one in five of all patients surviving the 
first pulmonary embolism is apt to succumb 
to future embolisms or to the effects of 
propagating thrombosis. 

This group of patients with pulmonary 
embolism which the author is reporting in- 
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cludes only those over whom he had control 
during treatment. In these he had informa- 
tion that the treatment was adequate and 
that the necessary effect on the clotting time 
or on the prothrombin time was obtained. 
He saw a fairly large number of similar cases 
in consultation with other doctors who 
undertook the treatment of the patients and 
for that reason these patients were not in- 
cluded in this report. Subsequently, the 
author has learned of three deaths in this 
group treated by other doctors. In those in 
whom he had control of the treatment and 
knew that adequate effects on the clotting 
and prothrombin times had been obtained, 
there were no deaths from embolism in 172 
patients. Four of these, following the be- 
ginning of treatment, had further embolisms 
which were obviously of small size because 
they produced only slight effects upon the 
patient. 

‘ It is very impressive to see the effect on a 
patient with massive pulmonary embolism, 
extensive thrombophlebitis or both; the 
improvement that takes place in a matter of 
a very few hours is striking, once the effect 
on clotting time has been obtained. The pul- 
monary distress with dyspnea, pain, etc., 
together with the embarrassment of heart 
action, are diminished progressively in a 
relatively short time so that within a few 
hours there is a measurable change and 
within twenty-four to thirty-six hours the 
alarming symptoms have largely disap- 
peared. It may take several more days be- 
fore there is complete relief of all symptoms. 

During the course of such treatment it has 
frequently been observed that there was no 
obvious swelling or edema of the extremities 
at the time of the massive embolism. How- 
ever, during the course of treatment one leg 
would enlarge and show quite a marked 
edema, and on some occasions, at the same 
time or within a few days, the other leg 
would undergo similar changes. It is the 
author’s impression from a study of the 
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pathologic conditions that this is no indica- 
tion of ineffectiveness of treatment by anti- 
coagulants. He believes that at the time of 
the embolism there obviously was a massive 
thrombus at some site in the venous tree 
which was so insecurely attached that it 
broke off and floated off as an embolus. 
However, at this stage the inflammatory 
reaction in the wall of the vein and sur- 
rounding tissue had not reached the point 
where it had produced clinical symptoms. 
While under treatment by the anticoagulant, 
which can only prevent the further extension 
of thrombosis, the remaining thrombi have 
excited the inflammatory local reaction 
which has undergone the changes that are 
necessary for the healing of such a lesion. 

To accomplish this effect, in the presence 
of thrombosis or embolism, it is absolutely es- 
sential that the original principles of appli- 
cation of anticoagulants be followed. First, 
if heparin is administered, it must be carried 
to the point where the clotting time of the 
patient is kept at or about fifteen minutes. 
The intravenous method of administering 
heparin is carried out as follows: 

It may be administered as a continuous 
drip. The heparin may be added to saline, 
glucose solution or distilled water. ‘The ad- 
ministration is started usually with two 
vials, or 20,000 units, or 200 mg. in 1,000 cc. 
of the solution of saline or whatever is being 
used. With the needle in a vein this is run in 
continuously at a rate of about thirty drops 
a minute. Before starting the intravenous 
infusion, the clotting time of the patient is 
taken. The heparin is allowed to run in until 
there is a measurable increase in the clotting 
time. The ideal situation is to have the 
clotting time increased to about fifteen 
minutes. The clotting time determinations 
are done every two or three hours until this 
rise in clotting time is detected. When the 
clotting time reaches fifteen minutes the 
rate of infusion is slowed down, probably to 
about twenty drops a minute, but this rate 
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must be adjusted according to the effect on 
the clotting time. When the rate of dropping 


is determined for the patient clotting times 


are done about twice a day as a check to see 
that things are going smoothly. Moreover, 
if the heparin is given following operation, 
the requirements as healing takes place 
change somewhat, so that it is necessary to 
perform clotting times to follow the require- 
ment of the patient as time goes on. 

The second method which we used in sur- 
gery on the blood vessels, and particularly 
following a Blalock or Pott’s operation on 
the great vessels of the heart, is to have a 
continuous intravenous infusion of saline or 
other suitable solution running in; then into 
the rubber tube, adjacent to the needle in 
the vein, a quantity of heparin is injected 
every hour and one-half. About one hour 
following this injection the clotting time is 
taken and it should be elevated to seven or 
eight minutes. This, the author believes, is 
somewhat more safe than the continuous 
drip method because in the former method 
the rate of dropping may change and there 
may be alarming effects on the clotting time 
if this is not controlled adequately. When, 
however, the injection is given intermittently 
there is much less chance of giving an over- 
dosage and the whole situation is under 
better control. | 

Because the effect of heparin is so evanes- 
cent it is necessary to repeat the injection at 
short intervals; otherwise, too large a dose 
must be given, raising the clotting time too 
high if the effect is expected to last longer 
than one and one-half to two hours. It is 
no use whatever to give heparin blindly and 
not know that the effect is being obtained. 
Since the dose is variable for the individual, 
the only safe way to be sure of this effect is 
to do clotting times at short intervals. The 
next principle is to give the anticoagulant 
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until the healing process in the area of exist- 
ing thrombosis has reached the stage when 
no further thrombosis will take place. In 
our experience, the average patient who is 
able to get out of bed should be kept at rest 
for three or four days under the treatment. 
Following this, exercise is encouraged and 
within six or seven days from the beginning 
of treatment the patient is urged to be out 
of bed and exercising actively. When the 
patient can perform this with some energy, 
probably on the seventh, eighth or ninth 
day, the heparin treatment is discontinued. 
If, however, the patient has some lesion or 
operation which necessitates staying in bed, 
the treatment is continued for longer 
periods, up to three and occasionally four 
weeks; for example, in such cases as spinal 
fusion when the patient has not been al- 
lowed out of bed. It was demonstrated 
experimentally that a thrombus placed in a 
vessel is endothelialized well within this 
period of time and probably that is the best 
protection against further extension, pro- 
vided the patient has otherwise returned to 
normal. 


CONCLUSIONS 


Thrombosis and clotting may take place 
in any area in the vascular tree, making it 
difficult to be sure of effective control by 
surgical means alone. The universal effccts 
of anticoagulants throughout the vascular 
bed suggest their value in controlling and 
treating this disease. 


REFERENCES 


1. Murray, Gorpon. Heparin in thrombosis and em- 


bolism. Brit. 7. Surg., 27, 1940. * 

2. Murray, Gorpon. Heparin in surgical treatment of 
blood vessels. Arch. Surg., 40: 307-325, 1940. 

3. Murray, Gorpon. Heparin in thrombosis and blood 
vessel surgery. Surg., Gynec. & Obst., 72: 340-344, 
1941. 

4. Jorpes, E. Der Aminozucker des Heparins. <éschr. f. 
physiol. Chem., 244: 253, 1936. 


Conference on Therapy 


The Use of Protein Hydrolysates 


{ = are stenographic reports of conferences by the members of the Department of 
Pharmacology and of Medicine of Cornell University Medical College and New York 
Hospital, with collaboration of other departments and institutions. The questions and 
discussions involve participation by members of the staff of the college and hospital, 
students and visitors. A selected group of these conferences is published in an annual 
volume, Cornell Conferences on Therapy, by the Macmillan Company. 


Dr. EPHRAIM SHORR: The protein hy- 
drolysate is an outstanding addition to the 
list of therapeutic agents in recent years. 
It has applications in several fields of 
medicine and surgery, and it is for that 
reason that we have here today experts in 
these fields to discuss the various aspects of 
the subject. The problem of providing 
adequate energy for patients who are un- 
able to take the requisite amount of food- 
stuffs by mouth has long been a matter of 
concern. For many years, parenteral ali- 
mentation was confined to the use of 
glucose and salts, except for the occasional 
and purely experimental trials of other 
materials, particularly fat. This was the 
situation until a few years ago when, as the 
result of the development of protein hy- 
drolysates, it became possible to provide 
essential amino acids by the parenteral 
route. What was expected of the protein 
hydrolysates? Have these expectations been 
fulfilled? What are their uses and limita- 
tions? ‘These are the points to be explored 
in the conference this afternoon. The dis- 
cussion will be opened by Dr. Barr. 

Dr. Davin P. Barr: As Dr. Shorr has 
indicated, one of the long sought goals in 
nutrition has been a diet which is com- 
pletely adequate for maintenance and 
growth and which can be administered 
parenterally. Ihe need is apparent in the 
care of all those who cannot take food by 
mouth or who cannot absorb ingested 
foodstuffs. Glucose, salts and vitamins have 
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so long been used by injection that the 
technics are commonplace, but it was not 
until 1938 that an adequate mixture of 
amino acids was first successfully given by 
intravenous injection in humans. The story 
of how this came about has considerable 
interest. Many workers have contributed, 
but, I think, we owe this development 
chiefly to the early investigations of Robert 
F. Osborne and Lafayette B. Mendel at 
Yale and to the very long and painstaking 
researches of William C. Rose of the Uni- 
versity of Illinois. The observations of 
Osborne and Mendel were made years ago, 
from about 1911 to 1914. Starting with 
the feeding of imperfect proteins, gliadin 
and zein, they discovered that two amino 
acids, namely, lysine and_ tryptophane, 
were essential to normal growth. Their dis- 
covery led to extensive investigations with 
similar methods and to the demonstration 
in 1928 by Rose and Cox that histidine was 
also essential. Shortly thereafter, Rose 
started research along another line, namely, 
that of feeding mixtures of the pure amino 
acids. He found that although amino acids 
were added to the mixtures in the propor- 
tions in which they were thought to exist 
in the protein, casein, they failed to support 
growth as well as casein itself. Rose’s 
research led rather rapidly to a number of 
important discoveries: (1) In addition to 
the previously recognized amino acids, 
there was another which he called threonine 
and which was essential to growth; (2) 
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besides lysine, tryptophane and histidine, 
there were, including threonine, seven other 
amino acids apparently indispensable for 
growth in rats, a total of ten essential 
amino acids; (3) rats could grow and 
remain healthy without any of the other 
amino acids provided these ten were given; 
(4) while the naturally occurring amino 
acids were effective in nutrition, the syn- 
thetic optical isomers of some of them were 
ineffective. 

The following ten amino acids were 
found to be essential in the rat: lysine, 
tryptophane, histidine, phenylalanine, leu- 
cine, isoleucine, threonine, methionine, 
valine and arginine. It was found that 
arginine could be formed to some extent in 
the body but not in sufficient amounts to 
support normal growth. Amino acids other 
than these ten can apparently be synthe- 
sized in the body or dispensed with even 
in the growing animal. 

One of the problems which complicated 
Rose’s investigations was the fact that 
many of the essential amino acids were 
effective in nutrition only in their naturally 
occurring forms. For instance, he found 
that dextro-histidine could be converted in 
the body into the naturally occurring levo- 
histidine. On the other hand, the levo-lysine 
could not be converted into the natural 
dextro-lysine. An immense amount of de- 
tailed investigative work was necessary to 
clarify the situation and to discover which 
amino acids had to be present in their 
natural form and which could be converted 
in the body. Rose presented an account of 
these researches in an important article in 
Physiological Reviews in 1938. He showed 
that in the case of the five amino acids, 
valine, leucine, isoleucine, lysine and thre- 
onine, only the naturally occurring forms 
were utilized in nutrition while their 
isomers were ineffective. 

Still other difficulties were encountered 
in’ the use of mixtures of amino acids in 
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nutrition. A vast amount of work was neces- 
sary to determine exactly how much of each 
amino acid was required to maintain 
growth in humans. The cost of pure amino 
acids was so inordinately high that few 
could afford the luxury of maintaining 
nutrition by their use. ‘The search for sub- 
stitutes, for impure mixtures, was started at 
once and was pursued with great energy. 

As you know, three methods have been 
employed for obtaining impure mixtures of 
amino acids: (1) alkaline hydrolysis; (2) 
acid hydrolysis and (3) enzymatic hy- 
drolysis. Each has presented practical diff- 
culties. Alkaline hydrolysis is not practical 
because the exposure of protein to strong 
alkali leads to rapid racemization of the 
amino acids so that unnatural forms result. 
Acid hydrolysis leads to reactions in the 
mixture which destroy the essential amino 
acid, tryptophane. For this reason the few 
acid hydrolysates which are now coming on 
the market contain added tryptophane. 
The enzymatic hydrolysis is slower and less 
complete and produces polypeptides in 
addition to amino acids. There is always 
at least a theoretical danger of immunolog- 
ically active split products of protein in an 
enzymatic hydrolysate. 

Other practical problems arise in the 
preparation and administration of mixtures 
of amino acids. Melanin tends to form in 
some solutions. If the pH is not correctly 
adjusted, the amino acids may cause 
acidosis. The concentration of amino acids 
in solution must be so adjusted as to permit 
sufficient dosage without undue hydration 
of the body. To establish nitrogen equilib- 
rium, dextrose must be included in appro- 
priate amounts with the solution of amino 
acids. 

Chief consideration should perhaps be 
given to the enzymatic hydrolysate which 
is now in most common use. Mead Johnson 
and Company was largely responsible for 
perfecting this material for parenteral ad- 
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ministration. As you may know, they 
hydrolyze the protein, casein, with pig 
pancreas, the enzymes of which convert 
both the casein and the proteins of the 
pancreas into amino acids and, to some 
extent, into the lesser peptides. The product 
which they call ‘‘Amigen” and which is now 
available in commerce, contains the essen- 
tial amino acids in approximately the same 
percentages found in casein: lysine 5.8, 
tryptophane 1.0, histidine 2.0, phenyla- 
lanine 5.6, leucine 13.5, isoleucine 4.8, 
threonine 4.5, methionine 3.0, valine 5.0 
and arginine 5.5. It is important to know 
that amigen contains about 12 per cent of 
nitrogen and that about two-thirds of it is 
in the form of amino acid nitrogen. In 
other words, 8 per cent of the amigen is 
amino acid nitrogen. 

To Robert Elman of St. Louis, a surgeon, 
goes the credit for the demonstration that 
solutions of acid hydrolysates and of the 
_ enzymatic hydrolysate amigen can be given 
safely by intravenous injection in humans. 
The amigen is supplied in the form of a 
powder from which solutions may be made, 
but it is perhaps more satisfactory to use 
the solutions prepared by the manufacturer, 
namely, the “‘Amigen 5 per cent in 5 per 
cent dextrose solution,” or the ‘‘Amigen 
10 per cent solution.’ These are so free of 
pyrogens and dangerous impurities that 
they may be given with almost as much 
safety as solutions of glucose. 

A liter of a 10 per cent solution of amigen, 
containing 100 Gm. of the hydrolysate, 
supplies 366 calories from amino acids and 
has only a little less than the caloric value 
of a similar weight of protein which would 
supply 410 calories. As in the case of pro- 
tein, the hydrolysate has to be given with 
sufhcient carbohydrate as an additional 
source of energy if nitrogen balance is to 
be attained. A solution containing equal 
amounts of amigen and glucose is un- 
balanced. Such a solution, namely, one 
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containing 100 Gm. of amigen and 100 Gm. 
of glucose per liter, might be given to a 
patient with a very.marked protein defi- 
ciency; but under such circumstances, it 
would probably be preferable to use plasma 
rather than the protein hydrolysate. For 
intravenous feeding over a _ considerable 
period of time, it is preferable to use each 
day 3,000 cc. of a solution containing 150 
Gm. of amigen (544 calories) and 300 Gm. 
of glucose (1,230 calories), making a total 
of 1,774 calories per day. To this a requisite 
amount of salts and vitamins should be 
added. The following formula has been 
used by Albright and others: 3,000 cc. of 
fluid containing dextrose 300 Gm., amigen 
150 Gm., sodium chloride 12.75 Gm., potas- 
sium chloride 2 Gm., vitamin C 50 mg., 
nicotinamide 75 mg., thiamine 5 mg., ribo- 
flavine 5 mg., pyridoxine 5 mg., vitamin K 
2 mg. and calcium pantothenate 2 mg. With 
this as the only source of food, they were 
able to maintain caloric and _ nitrogen 
equilibrium over considerable periods, the 
quantities appearing to represent a com- 
plete feeding for a twenty-four-hour period 
for a person of average size. The solution is 
given by a continuous intravenous drip 
using a standard infusion apparatus. There 
are several difficulties which include the 
undesirable limitation in the activity of the 
patient, the need for constant attention of 
the doctor and the danger of venous 
thrombosis from prolonged injection. In- 
travenous alimentation of this kind must 
be given at a slow rate and 1,000 cc. of 
such a mixture should not be introduced 
in less than two hours. When properly ad- 
ministered, disagreeable reactions are sur- 
prisingly few. There may be some loss of 
appetite, sometimes nausea or vomiting and 
occasionally flushing. When oral feeding 1s 
also used, the intravenous injections should 
be given after meals to avoid interference 
with appetite. Although intravenous ali- 
mentation is always undesirable, its achieve- 
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ment in practical form represents a ther- 
apeutic triumph. 

Dr. SHorrR: Dr. Glenn of the Department 
of Surgery will now discuss the protein 
hydrolysates from the standpoint of the 
surgical problems. 

Dr. FRANK GLENN: We may briefly 
classify surgical patients, from the stand- 
point of the need for proteins, into three 
groups, namely, those who are deficient in 
proteins prior to operation, those who 
develop the hypoproteinemia during the 
operation and, finally, those in whom the 
problem arises in the postoperative period. 
The first group includes patients who are 
unable to take food or suffer with a dis- 
turbance of the digestive apparatus giving 
rise to impaired absorption or losses due to 
other causes. In this group are to be found 
patients with gastrointestinal ulceration, 
tumors, regional ileitis and colitis. In 
patients with severe infection there may be 
reduced intake of proteins or increased 
destruction. Patients with hyperthyroidism 
may develop a protein deficiency as the 
result of the increased metabolism even 
though their protein intake be high. Patients 
with acute surgical conditions due to 
injury may develop a deficiency because of 
blood loss and shock. Protein loss may be 
very high in patients with burns. Before 
any surgical procedure is embarked upon 
in a patient with hypoproteinemia, it is of 
great importance to restore the protein 
level. The operative procedure itself may 
give rise to hypoproteinemia, partly as the 
result of hemorrhage and partly as the 
result of the anesthesia. The anoxia associ- 
ated with anesthesia may lead to loss of 
plasma through increase in the permea- 
bility of the capillaries. Also, impaired 
metabolism of the liver célls may take place 
and in this way give rise to impairment in 
the synthesis of serum proteins. After the 
operation, patients lose nitrogen in excess 
of that of the normal individual. It is 
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partly due to the reduced intake of food 
but the loss is greater than can be accounted 
for by this factor alone. Fever, vomiting, 
hemorrhage and surgical drainage all con- 
tribute to a loss of protein, but there is a 
decrease in nitrogen retention in patients, 
even without these avenues of loss. The 
decrease may be very considerable and may 
amount to from 1 to 5 pounds of body 
weight when they are kept in bed for a 
period of seven to eight days. The problem 
represents a wasting of muscle due to 
inactivity. 

Tne loss of protein in the postoperative 
period is unfavorable to recovery. The 
hypoproteinemia affects the postoperative 
course in several ways: It may give rise to 
pulmonary edema with the increased tend- 
ency to pulmonary infection. and pneu- 
monia. It may interfere with the healing of 
wounds in degrees varying from slight im- 
pairment of the maturation of fibroblasts 
to the more extreme cases showing no tissue 
reaction and dehiscence of the wound. 
Lowered resistance to infection probably 
occurs indirectly through impaired detoxi- 
fying action of the liver and impaired pro- 
duction of the globulin fractions of proteins 
which are related to the immune bodies. 
It also promotes edema of the gastroin- 
testinal tract following surgical procedures, 
and, that in turn, interferes with the func- 
tioning of stomas and restoration of the 
continuity in the case of gastric resections. 
This edema may be sufficient to prevent 
food from passing through stomas which 
are mechanically large enough. Likewise, 
it tends to interfere with the peristaltic 
action of the gastrointestinal tract. 

We should pay special attention to the 
difficulty of determining the true content 
of serum proteins in the surgical patient. 
The protein concentration of the serum is 
often deceptive in the patient who has been 
dehydrated by vomiting or diarrhea. 

A favorable nitrogen balance is of the 
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first importance in surgical patients. Hypo- 
proteinemia should not be permitted to 
exist or develop. In the preoperative period, 
much may be accomplished by blood trans- 
fusions, plasma, intravenous amino acid 
mixtures such as amigen, and _ protein 
hydrolysates given orally. In the anemic 
patient, it is probably wise to discontinue 
the use of blood transfusions as soon as the 
red cell count has been restored to normal. 
The use of plasma for maintaining a favor- 
able protein balance is expensive. The cost 
of the protein hydrolysates is more moder- 
ate. Many patients can take these by 
mouth if they are properly prepared. If the 
oral route is not feasible they may be given 
by intravenous injection, as described by 
Dr. Barr. During operation, blood trans- 
fusions and plasma are probably best for 
maintaining ample protein reserve. In the 
postoperative period, many patients require 
protein by intravenous injection during 
the first eighteen to seventy-two hours in 
order to maintain a nitrogen balance. This 
may be accomplished by the intravenous 
use of blood plasma or amigen. Subse- 
quently, the protein hydrolysate may be 
given by mouth; and after the use of the 
predigested foods for a short period regular 
foods, which may be classified as simple 
from the standpoint of digestion may be 
resumed. 

In the past, there has been a tendency to 
overinvalidize surgical patients, and the 
long period of inactivity resulted in deple- 
tion of protein stores. The pendulum is 
swinging in the opposite direction; and 
although it is wise to reduce the period of 
inactivity to a minimum, we should not 
overlook the fact that these are not normal 
people. The inordinate loss of proteins in 
the postoperative period is controlled by 
the present trend to mobilize patients 
earlier and to make use of the predigested 
foods shortly after opera’.on. 

Dr. SHorR: Dr. Glynn, what uses do you 
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make of protein hydrolysates in pediatric 
practice? 

Dr. MarTIn J. GLynn, JR.: We en- 
counter the same general indications for 
the use of protein hydrolysates as have 
been described for adult medical cases by 
Dr. Barr and surgical cases by Dr. Glenn. 
I should like to remark briefly about 
four conditions, perhaps more common in 
pediatric practice. 

The youngster with severe diarrhea pre- 
sents the most serious problem in which 
we turn to these agents. These cases are 
treated by prolonged starvation which in a 
young infant is a period of the order of two 
to four days. ‘These youngsters appear to 
tolerate prolonged starvation quite well, 
but it is my impression, and that of other 
workers, that the use of protein hydroly- 
sates is decidedly helpful. In the treatment 
of this condition, the first step is to restore ~ 
the electrolyte pattern, the water balance 
and the plasma proteins to normal by the 
use of whole blood and plasma. After this 
is done and the circulation is in good con- 
dition, the protein hydrolysate may be given 
safely by hypodermoclysis. Specifically, the 
patient receives 40 cc. per Kg. of amigen 
5 per cent in 5 per cent dextrose solution 
twice a day by hypodermoclysis in addition 
to 35 cc. per Kg. of 5 per cent dextrose solu- 
tion by intravenous infusion twice a day. 
The treatment provides a total of 45 calories 
per Kg., 15 in the form of amino acid and 
30 in the form of dextrose. This is by no 
means maintenance but it is a helpful step 
in that direction. I do not know of any 
studies on the fate of the amino acids which 
are provided by this regimen. 

In eczema, we utilize amino acid therapy 
for a different purpose, namely, in an 
attempt to supply a source of protein with 
a minimum potential for allergic reactions. 
In severe eczemas, about 50 per cent may 
be expected to show considerable improve- 
ment and in some the control of the eczema 
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is complete. It is also worth trying in the 
mild eczemas of older infants. It is the 
impression of one observer, who tried it in 
mild eczemas of very young infants, that 
fewer of these developed severe eczema. 
The protein hydrolysate may be given 
parenterally but in eczema we are more 
likely to use it orally. We have used a 
mixture containing amino acids 20 per cent, 
carbohydrate up to 50 per cent, and fat 
18 per cent, diluted so as to make an ap- 
propriate formula. Articles least likely to 
produce allergic reactions were used, in 
the case of the fat for example, olive oil, and 
in the case of the carbohydrate, arrowroot 
starch and dextrimaltose. Formulas based 
upon these materials can be made up in 
much the same way as the usual formula 
with milk so-as to meet the requirements. 

We occasionally use protein hydrolysates 
with advantage in the nephrotic syndrome. 
These patients often develop the so-called 
nephrotic crises, episodes of severe infection 
in the form of peritonitis, septicemia or 
both. We used it a great deal before the 
effective antibiotics were available; the 
intravenous amino acids seemed to influ- 
ence the course favorably. A youngster 
who does not respond as expected to 
penicillin or sulfadiazine should be sup- 
ported with protein hydrolysates. 

There is a miscellaneous group of con- 
ditions in which amigen is often used by 
mouth with results that can be described 
as no more than encouraging. They include 
cases of young babies with persistent vomit- 
ing from obscure cause. A mixture con- 
taining amigen 3.5 to 5 per cent and 5 per 
cent carbohydrate may be given in such 
small amounts as are fairly well tolerated. 
It may be gradually replaced by the more 
sustaining types of nourishment. This mix- 
ture is also advocated for the first oral feed- 
ings after the therapeutic starvation in 
cases of diarrhea. | 

The other conditions, occasionally en- 
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countered in the pediatric group, are more 
frequently seen in adults such as postopera- 
tive troubles, trauma and burns. Their 
treatment is the same as in adults. 

Dr. Barr: It would be interesting to hear 
from Dr. Glenn about the use of amino 
acid mixtures in the treatment of burns. 
After a burn of moderate degree, a person 
may lose as much as 40 Gm. of nitrogen in 
twenty-four hours. The loss may continue 
during the ensuing days because of in- 
creased capillary permability. 

Dr. SHorR: The subject is now open for 
general discussion. I saw your hand raised, 
Dr. Gold. 

Dr. Harry Go.tp: Could we have some 
discussion on the matter of the utilization 
of amino acids? There is abundant proof 
that their use can establish a positive nitro- 
gen balance, indicating that nitrogen is 
being retained by the body. But what is the 
body doing with the nitrogen? Is it con- 
verting it into the proteins which are most 
needed? There is an infinite number of 
proteins, those of the skeletal muscles, liver, 
blood, heart muscle and many others. The 
loss of proteins in disease may be due to 
defective supply but it may also be due to 
defects in the bodily mechanisms for the 
synthesis of specific proteins, a defect which 
might not be corrected by any amount of 
extra supply. How does the evidence stand 
on some of these points? Suppose we first 
consider the question of regeneration of 
blood proteins in a case of hypoproteinemia. 

Dr. SHorrR: I have the same questions. 
What actually happens to hydrolysates 
given intravenously to a patient with severe 
trauma, burn, shock, operative procedures 
or infection? Is there any evidence that the 
body utilizes the nitrogen? In what condi- 
tion is it not utilized? Are we justified in 
assuming that what goes into the vein is 
actually available for the nutritional re- 
quirements of the patient, particularly the 
very ill patient whose needs are greatest? 
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Dr. SAMUEL Z. LEvIneE: It is my under- 
standing that Dr. Whipple has shown that 
the amino acids are as satisfactory as plasma 


in raising the plasma protein levels in dogs 


which have been exsanguinated by his 
technic. Am I correct in that, Dr. Barr? 

Dr. Barr: When the level of blood 
protein has been artificially reduced by 
plasmapheresis or by inadequate diet, 
amino acid mixtures and plasma are ex- 
ceedingly effective in raising the level of 
serum proteins. If, on the other hand, the 
low level of blood proteins is due to defec- 
tive formation, as in disease of the liver, the 
administration of plasma or of amino acid 
mixtures does not correct the deficiency. 
Neither agent is more than moderately ef- 
fective in the hypoproteinemia of nephrosis. 

Dr. Gop: That seems to me to be a very 
important point to remember. We en- 
counter many cases of hypoproteinemia, 
as in advanced heart failure, cirrhosis of 
the liver, and other conditions, in which an 
intensive course of treatment with amino 
acids has been given. It seems to get them 
nowhere because the liver seems to possess 
no power to synthesize the protein in these 
conditions. 

Dr. GLENN: In general, we have been 
unable to elevate serum proteins in patients 
by the intravenous administration of amino 
acids. I have the strong belief that we can 
prevent patients from failing by the use of 
amino acids when they are unable to take 
food. In a patient with a lowered serum 
protein value, the most effective way of 
elevating it is by means of blood trans- 
fusions and plasma. 

VisiTor: Since there are these limitations 
in the effectiveness of protein hydrolysates, 
should we rely on such methods of alimen- 
tation, or is the use of whole blood or 
plasma always preferable? 

Dr. Barr: Experience indicates that with 
normal animals and with normal individuals 


it is possible to maintain nitrogen equilib-- 
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rium and normal weight solely by means of 
protein hydrolysates. This does not mean 
that the same results will be obtained in a 
very sick person or in a person who has been 
damaged by shocking experiences. Nothing 
that we can do by such alimentation will 
maintain nitrogen equilibrium in a patient 
with a recent colectomy or other com- 
parably severe operation on the gastrointes- 
tinal tract. There are some observations on 
patients immediately after appendectomies 
in which fairly small infusions of hydroly- 
sates were able to maintain nitrogen equl- 
librium over six-day periods. On the other 
hand, in the same series, patients with 
colectomies, gastric resections or other 
serious operations, similarly treated, lost 
nitrogen in amounts up to 140 Gm. during 
the same period. These observations indi- 
cate that the response which is seen in 
normal individuals can be duplicated in 
patients only if the damage or shock has not 
been too great. 

Dr. SHorr: I think you have hit the point 
in cases that fail to respond. The nature and 
the degree of stress on the organism deter- 
mine the response to intravenous alimenta- 
tion. Studies have been carried out in severe 
infection and after trauma and it has been 
found that all the nitrogen administered as 
amino acids appeared in the urine in 
twenty-four hours. This went on for days. 
One might have an illusory feeling of com- 
fort that protein has been supplied but 
there is clear evidence that it is being 
deaminated and does not remain as protein 
in the organism. 

Dr. Barr: Are there any comparable 
observations on the fate of protein itself? 

Dr. SHorR: Yes, there are for infusions 
of plasma. Here the protein remains in the 
body longer and is degraded by a slower 
mechanism. 

Dr. Barr: Is it not excreted as urea? 

Dr. SHorr: It is eventually but it is 
released apparently so slowly as to be more 
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in disease which is responsible for such 


available for the maintenance of nitrogen 
equilibrium. 

Dr. WALTER MODELL: Is there any dif- 
ference in the time it takes to elevate the 
plasma protein level by means of amino 
acids and of plasma infusions, assuming, of 
course, a case in which either one or the 
other may do it? 


Dr. Barr: I do not think there is very 


much difference. 

Dr. SHorR: Might it not depend, Dr. 
_ Barr, on the state of the subject? In the 
normal animal in which the plasmapheresis 
experiments were conducted, all the normal 
Capacities to synthesize proteins from amino 
acids were retained whereas in patients, 
suffering with a variety of infections or 
wounds, varying degrees of defects in the 
capacity for protein synthesis might obtain. 
Under such conditions the organism may 
hold on to injected plasma proteins so that 
the blood level can be satisfactorily raised, 
whereas injected amino acids may be much 
less efficiently utilized. 

In relation to your point, Dr. Gold, that 
the retention of nitrogen after the adminis- 
tration of amino acids is an established fact, 
it is well to remember that in many cases 
neither oral nor parenteral administration 
of the usual amounts of protein in the diet 
gives rise to a positive balance. It is only 
after extraordinary amounts such as Co Tui, 
for example, used in his patients after 
gastrectomy, 350 to 450 Gm. of protein per 
day, that a positive balance appeared. As I 
have already indicated, in the patient with 
disease, receiving a parenteral infusion of 
amigen calculated to maintain a protein 
balance, every bit of the nitrogen often 
comes out in the urine within the same day 
in the form of ammonia or urea. There is a 


problem here which remains unsettled. Of | 


course, it has nothing to do with the useful- 
ness of this procedure as supplementary to 
oral feeding. But it does bring up the ques- 
tion of what is the nature of the disturbance 
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rapid breakdown and wastage of nitro- 
genous materials. 

Dr. Barr: I should like to hear from Dr. 
Shorr some comment as to the reason for 
the tremendous loss of protein which occurs 
following injury such as fractures, burns, 
acute infectious diseases or almost any other 
insult to the body. There are records of 
patients who during a ten-day period after 
operation have lost as much as 100 to 180 
Gm. of nitrogen corresponding to 2.5 to 4.5 
Kg. of muscle. A surprisingly great loss 
occurs often in uncomplicated anesthesia. . 
Why should the body lose nitrogen under 
such circumstances? 

Dr. SHorR: It would be very nice if there 


‘were an answer. There are a number of 


possible explanations. One clinical observa- 
tion may be cited, namely, that patients 
may or may not lose protein excessively 
under these circumstances and that, whether 
they do so or not, depends on their nutri- 
tional state; a highly undernourished indi- 
vidual may undergo an experience of this 
sort without loss of protein. Cuthbertson 
showed this very clearly in his experimental 
animals. Why does the debilitated indi- 
vidual not lose protein when the well 
nourished person may have a negative 
nitrogen balance of 30 Gm. on a daily 
ration of 150 Gm.? This possibly requires 
invoking the concept that there is one type 
of protein which is a little more specifically 
a part of the chemical structure of the cell, 
and another type which is, shall we say, in 
the nature of a reserve or depot protein in 
the old-fashioned sense. It would look as 
if the debilitated individual were down to 
his basic protein stores and for that reason 
does not readily lose more protein while the 
well nourished individual readily loses pro- 
tein to the extent of his extra protein 
reserves. In addition, hormonal factors may 
play a réle. This process which takes place 
in the course of the first three weeks after an 
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insult, such as infection or a fracture with 
recovery, may involve the action of hor- 
mones which have to do with protein 
metabolism and the reparative process, 
namely, the glycotropic and androgenic 
adrenal cortical hormones. It has been 
shown by Selye that, after any kind of stress 
or damage, an extraordinary change in the 
adrenal cortex takes place; it looks as if one 
had completely released its lipoids and 
with them its cortical hormonal content. 
Under the influence of stress, it is known 
that certain of these hormones are capable 
of breaking down protein excessively and 
forming carbohydrate from the non-nitro- 
genous residues. Support for this concept 
has been supplied for the human by Browne 
and his associates. These cortical hormones 
have been found by Venning and Browne 
in the urine in great excess after infections 
such as pneumonia, after operations, after 
fractures and, in fact, after all manner of 
stress and exposure. 

Testosterone and its end products, the 
17-ketosteroids, which we also measure in 
urine, have been demonstrated by Kenyon 
and others to promote the storage of pro- 
teins. Individuals who receive these andro- 
gens store protein unusually well, both 
normal individuals and those who have a 
lack of androgenic hormones such as 
hypogonadal males. It has been found that 
the level of 17-ketosteroids is characteris- 
tically low during the phases of an illness 
or damage when the level of adrenal cortical 
hormones is high. It looks as if these two 
factors, a depression in the elaboration of 
protein-storing hormones and an increase 
in the elaboration of protein-degrading hor- 
mones, may play a part in the unusual loss 
of protein during recovery. 

Dr. BARR: Much emphasis is now given 
to the loss of serum proteins which takes 
place during short periods. Surgeons, par- 
ticularly, have regarded such loss as justifi- 
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cation for protein administration and for 
reasons which Dr. Glenn has brought out 
very clearly. One wonders, however, whether 
the consequences which are feared actually 
occur and whether it is so dreadful for the 
protein of the circulating blood to fall by 
10 per cent, which will happen after forty- 
eight hours of starvation, and whether such 
a mishap must be corrected at once by the 


- administration of plasma, albumin or amino 


acids. I doubt whether the actual necessity 
has been demonstrated but I should like to 
hear Dr. Glenn’s opinion. 

Dr. GLENN: I think that the loss of a cer- 
tain amount of protein in the normal indi- 
vidual, as Dr. Barr says, is probably not of 
great importance, but in an individual who 
is already depleted the further lowering 
may cause trouble and may account for the 
difference between a wound that will heal 
and one that will not. I believe that the 
intravenous administration of proteins exer- 
cises a type of sparing action. 

Dr. SHORR: I am inclined to agree 
that there is very little proof that a small 
reduction in blood proteins seen in surgical 
cases is of importance and that we may 
be going too far in our measures to correct 
them. It would seem reasonable, however, 
to attempt to restore blood proteins in 
cases in which they have fallen considerably. 
There is another question, however, which 
needs consideration, namely, how far we 
should go in attempting to establish a posi- 
tive nitrogen balance in patients whose 
plasma protein levels are normal. Consider, 
for example, the patients with peptic ulcer 
who are now treated with amino acids. Vast 
quantities are necessary to establish a posi- 
tive nitrogen balance in some of these. Is 
the positive nitrogen balance established in 
such cases beneficial to the course of the 
disease? I do not believe that we have the 
answer to this question. It certainly can be 
said that patients with fracture recover and 
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do extremely well at a time when they have 
regained only a small fraction of the protein 
lost during the illness. 

Dr. McKeen CatTTett: The use of 
amigen has been extensively discussed. I 
want to ask whether other protein hydroly- 
sates which are available are not equally 
satisfactory, or is there some preference for 
this particular brand. 

Dr. Barr: It is quite probable that the 
mixture which is called ‘‘Amigen”’? may be 
duplicated or improved. Many similar 
preparations have been offered and are now 
undergoing clinical trial. Since there are 
many pitfalls in the preparation of amino 
acid mixtures, actual clinical experience is 
needed with each new product and it is be- 
coming increasingly difficult to find investi- 
gators who are interested in testing a new 
mixture to determine whether it is as good 
as one which is known to be satisfactory. 
Many tests are necessary. Ability to support 
normal growth must be demonstrated. Ab- 
sence of immunologically active fractions 
must be established. Since mixtures of 
amino acids furnish an excellent culture 
medium, bacterial contamination must be 
excluded. Finally, the solutions must be 
free of pyrogens and other impurities. I 
mention these requirements to indicate how 
difficult it is to be sure that a new prepara- 
tion of a protein hydrolysate is as satisfactory 
as one which has already been tested. 

I think that Dr. Almy has had some ex- 
perience with an acid hydrolysate. 

Dr. THomas P. Atmy: We used the 
preparation of Stearns and Company, 
parenamine 6 per cent, in two patients. It 
was well tolerated when injected at a rate 
similar to the rate at which we administer 
amigen. It is more acid than the parenteral 
amigen preparation; the pH is 5.5. 

Dr. SHorR: Perhaps Mr. Clarke, our 
pharmacist, would say something about the 
various preparations now available. 

Mr. DonaLD A. CLARKE: The following 
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list of preparations is presented with the 
stipulation that it will probably be out-of- 
date in the near future, for not only are new 
preparations being added but the old ones 
are being altered. 

I know of only two acid hydrolysates, 
parenamine (Stearns), made from casein, 
and aminosal (Abbott) made from beef- 
blood fibrin, both intended for parenteral 
use. No alkaline hydrolysate is available. All 
the others are enzymatic hydrolysates. 
Amigen (Mead Johnson) which is made 
from casein has already been mentioned. 
It is presently available only for parenteral 
use although the original preparation was 
also used orally. Their oral preparation is 
called protolysate, made from casein. Here 
is a partial list of other oral preparations: 
aminoids (Arlington) from milk, beef, 
wheat and yeast; aminoprote (U. S. Vita- 
min) from beef, casein, lactalbumin and 
yeast; lactamin (Wyeth) from lactalbumin; 
ledinac (Lederle) from liver; protein hy- 
drolysate-MRT (Thompson) from yeast; 
protein hydrolysate (Squibb) from casein. 
Some of these preparations are already 
mixed with some form of carbohydrate. 
There are many other preparations not 
listed, which contain, in addition to hy- 
drolyzed protein of some kind and carbo- 
hydrate, some other substances such as 
minerals, vitamins, flavoring materials and 
in one case, olive oil. 

The parenteral preparations are usually 
provided as sterile solutions with added 
dextrose. Several concentrations of each are 
generally available, usually in the range 
from 5 to 10 per cent. The oral preparations 
are most commonly available in the form of 
a powder, some in the form of granules. 
Flavored solutions are obtainable and one 
manufacturer supplies an_ enteric-coated 
tablet. 

Dr. ,Goip: It might be worth while 
calling! attention to the fact that there are 
protein hydrolysates on the market sub- 
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stantially free of sodium chloride. This is of 
some importance in the problem of feeding 
a patient with congestive failure. I know of 
one such preparation, protein hydrolysate- 
MRT. It is not to be confused with the other 
preparation by the same manufacturer 
which contains 6 per cent sodium chloride. 
There is another preparation called protinal 
(National Drug) which is said to be very 
low in sodium chloride. There are other 
similar preparations. 

In connection with the choice of prepara- 
tions, it might be worth mentioning the 
experimental observation that the composi- 
tion of a mixture of amino acids has a bear- 
ing on the extent to which it is utilized in the 
body to form proteins. It has been shown 
that if one omits an essential amino acid, an 
otherwise adequate mixture will fail to be 
utilized, and that the defect in utilization 
cannot be corrected if several hours elapse 
before the missing amino acid is supplied. 
This is a challenge to the preparations of 
protein hydrolysates; a proper mixture must 
be made available to the tissues at the same 
time if the mixture is to prove effective. 
This is perhaps one of the reasons why, as 
Dr. Barr has pointed out, it is necessary to 
test a new hydrolysate for its capacity to 
support growth. This may also have bearing 
on the question of the utility of protein 
hydrolysates in patients with evidence of 
protein deficiency who may be able to con- 
sume large quantities of proteins in the 
form of ordinary foods. We do not have 
satisfactory clinical evidence concerning 
this point; but it must be considered as a 
possibility that such patients may suffer 
with difficulty in protein digestion, so that 
an adequate mixture of amino acids does 
not become available in the blood stream, 
adequate in the sense of relative proportions 
of different amino acids being present at the 
proper time to enable the tissues to utilize 
them for the synthesis of tissue proteins. 

Dr. CHARLES H. WHEELER: From talking 
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with the house officers sometime ago, Dr. 
Barr, I gained the impression that they were 
still dissatisfied with the solutions of amigen. 
There were frequent pyrogenic reactions. 
Am I misinformed about that? 

Dr. Barr: When Elman started to use 
amigen, he encountered some quite alarm- 
ing reactions consisting of fever, nausea and 
vomiting. As preparations improved and 
the rate of injection was slowed, he finally 
attained a record of the injection of many 
liters without any reactions. The absence of 
pyrogens in the solution and slow injection 
are factors of the greatest importance in the 
avoidance of reactions. 

Dr. Levine: The experience at Washing- 
ton’ University has been very satisfactory. 
Intravenous and subcutaneous injections 
have been given to a large number of in- 
fants and young children without signifi- 
cant reactions. Our early experiences in 
smaller numbers were not so favorable. 
The children developed fever and some 
went into collapse. The house staff had 
become reluctant to use it. Matters have 
improved, however, with the more recent 
preparations and slower injections. 

Dr. Gop: It seems from the literature 
that the number of serious accidents follow- 
ing parenteral amino acid injections is not 
very large. There was a report by Curreri 
and associates in the Journal of the A.M.A., 
July 7, 1945, in which they encountered one 
fatality after about 2,000 administrations. 
The patient received the intravenous infu- 
sion of the usual preparation for two days 
without trouble but on the third day devel- 
oped a shock-like reaction with hyperther- 
mia and died forty hours later. They stressed 
the desirability of making someone in the 
hospital responsible for supervision of these 
infusions in order to insure that the solution 
is clear, that the rate of injection is slow, 
that the amino acid solutions are not 
mixed with materials of high pH, such as 
sodium salts of the sulfa drugs which give 
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rise to precipitation, and that the unused 
contents of the bottle which has been 
opened should be discarded. There seems 
to be the possibility that bacterial contami- 
nation in open bottles may give rise to toxic 
amines. Bacterial contamination is one of 
the points which Dr. Barr has stressed. 

VisiToR: Has there been any sloughing in 
the case of the hypodermoclysis? 

’ Dr. Giynn: We encountered one case of 
extensive sloughing in approximately 1,000 
such treatments. 

Dr. Go.p: In regard to the toxicity of 
amino acids, you may be interested in some 
observations which were made by Riker and 
myself a few years ago in a study of sodium 
hydroxyacetate in which we also tested the 
amino acid, glycine. One is inclined to re- 
gard the amino acids as harmless since they 
are essential products of normal metabolism, 
however, we discovered that glycine may 
act as a poison in cats and dogs; as little as 
1 Gm. per Kg. intravenously in cats gave 
rise to drooling, muscular weakness, hyper- 
excitability and dilatation of the pupils with 
failure to respond to light; and an oral dose 
of 6 Gm. per Kg. in a dog caused similar 
symptoms with convulsions and death in 
four hours. Clearly, the amino acids are not 
harmless substances. 

Dr. SHORR: What has been your experi- 
ence with reactions, Dr. Almy, in the man- 
agement of ulcerative colitis in which the 
intravenous route was used? 

Dr. ALmy: Our experience in one patient 
has been grim. Alimentation exclusively by 
intravenous route for a week resulted in 
thrombosis of all accessible veins. I was 
told by Dr. Albright that if one escapes this 
difficulty, one may begin to see remission of 
the acute symptoms with this treatment 
after one week. 

Dr. Barr: It might be interesting to hear 
of Dr. Almy’s experience with the oral use 
of the amino acids in ulcerative colitis. ‘The 
discussion thus far has dealt chiefly with in- 
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travenous alimentation which, perhaps, has | 
less application than the oral route. 

Dr: Atmy: In ulcerative colitis, the in- 
travenous administration of hydrolysates 
has always appeared more attractive be- 
cause of the fact that it avoids the use of the 
colon as a conduit of food residue, however, 
we have tried large amounts of the hydroly- 
sate orally in these protein-starved patients. 
We gave them 5 to 6 Gm. of amigen per 
Kg. per day by mouth, together with 
dextrimaltose in a manner comparable to 
that used by Co Tui in the treatment of 
peptic ulcer. The results were not as striking 
as I had hoped they would be. In a small 
group of a dozen patients, 30 per cent 
showed a rapid gain in weight to the extent 
of about 3 to 5 Kg. and progressive improve- 
ment resulted. The other cases remained 
uninfluenced. This form of alimentation 
caused severe diarrhea in these patients and 
it is noteworthy that in spite of it the gain in 
weight took place. 

VisiIToR: How successful is the retention 
enema of amigen? | 

Dr. FREDDY HomBurGErR: We have been 
using retention enemas of a Squibb casein 
hydrolysate which is roughly comparable to 
amigen and, when given with proper tech- 
nic and care, have achieved positive nitro- 
gen balance over a fairly long period of 
time. It was not found possible to achieve 
this in all patients but in about one-third of 
the patients it was successful. 

Dr. SHorR: And what is the proper 
technic? 

Dr. Homsurc_Er: The rectum should first 
be cleansed very carefully with a small water 
enema. Only small quantities at a time 
should be used. Instead of the ordinary 
rectal tube a urethral catheter should be 
inserted to about 10 or 12 inches. We use a 
Murphy drip for about one to two hours to 
give 400 cc. of the solution which contains 
about 100 to 150 Gm. of hydrolysate in 5 
per cent dextrose. Usually the first day there 
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is some irritation; but when the patient is 
accustomed to the procedure, the enema 
may be retained and nitrogen balance 
may be maintained. 

Dr. SHORR: Where do you think the re- 
sorption takes place? In what part of the 
large gut? 

Dr. HomBurcer: I think that the resorp- 
tion takes place in the lower portion of the 
large intestine where water is known to be 
resorbed. 

Dr. SHorR: Not in the rectum? 

Dr. HomBurGer: In the sigmoid, I think. 
We have evidence only for the fact that the 
nitrogen contained in the administered 
material is retained. 

Dr. Gotp: The protein hydrolysates may 
therefore be given by various routes, oral, 
subcutaneous, rectal and intravenous. There 
are reports of its satisfactory use by the 
intrasternal route directly into the bone 
marrow by means of the Turkel needle. ‘The 
needle may apparently be left in place for 
twenty-four hours or longer and the mate- 
rial may be administered as rapidly by this 
route as by the intravenous route, about 1 to 
2 Gm. of amino acid nitrogen per hour. 

Dr. SHorR: This is an extensive subject 
and there are many more points which need 
to be considered but our time is up. Per- 
haps the interesting topic of protein hy- 
drolysates in peptic ulcer may be taken up 
at another conference. 


SUMMARY 


Dr. GoLp: We may now bring together a 
few of the salient points which were elabo- 
rated in the conference this afternoon. A dis- 
order of protein metabolism seems to be 
extremely common in diseases, injuries and 
other states of bodily stress, such as infec- 
tions, operations, anesthesias, malignancy, 
burns, hyperthyroid states, diarrheas and 
prolonged inactivity. It is clearly manifest 
when there is extensive body wasting, but 
it is earlier detected by an increased loss of 
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nitrogen of varying degrees often reaching 
alarming proportions. The circumstances 
are frequently such that an adequate supply 
of proteins in the form of the usual foods 
and the use of the regular channels for their 
consumption are not feasible. Great interest 
has, therefore, been aroused in the discovery 
about ten years ago that it is possible to 
prepare appropriate mixtures of amino acids 
in the form of protein hydrolysates, suitable 
for all the common routes of administration, 
and to use them as a source of bodily pro- 
teins. It appears to be a development of 
major importance, the culmination of ex- 
periments covering a period of nearly forty 
years. It supplies the missing link, the 
protein, the others being carbohydrates, fats 
and vitamins, in the long quest for complete 
intravenous alimentation. 

There was not sufficient time to consider 
all the conditions in which the protein 
hydrolysates may be applied, but the discus- 
sion indicates that they have already been 
put to use extensively in a wide variety of 
conditions associated with an unfavorable 
protein balance. In the conference, the 
surgeon discussed their uses preoperatively 
and postoperatively in relation to extensive 
surgical procedures, traumas, hemorrhage 
and anesthesia. The pediatricians discussed 
their value in the treatment of diarrheas of 
infants, in the nephrotic syndrome and in 
eczema as a source of protein with minimum 
potential for allergic reactions. They seem 


to be of great value in patients with burns 


who lose alarming quantities of protein, of 
some value in edema associated with 
hypoproteinemia, in ulcerative colitis, pep- 
tic ulcer and in nutritional problems in 
which only parenteral alimentation is feasi- 
ble. This is but a small part of the list of 
conditions in which the protein hydrolysates 
have been recommended and used as a 
means of promoting recovery from states of 
ill health. 

Enthusiasm for the use of protein hydroly- 


AMERICAN JOURNAL OF MEDICINE 


Conference on Therapy 


sates has naturally run very high; and as 
experience has increased and the problem 
has received more intensive consideration, 
numerous questions have arisen. How 
strong is the evidence for the utility of the 
protein hydrolysates in a large proportion 
of the conditions in which they are now 
used? Are we assigning too many troubles 
to the moderate reductions in blood protein 
levels and negative nitrogen balance which 
occur so commonly? Is the zeal for establish- 
ing nitrogen equilibrium or positive nitro- 
gen balance in many of the conditions in 
which they are now used justified by the 
results? Since such restorations seem the- 
oretically correct, there is the danger of 
carrying the application of protein hydroly- 
sates far beyond the point of satisfactory 
evidence that they are actually useful. 

On the theoretical side such questions 
have been raised as to what the body does 
with the amino acids administered in the 
form of protein hydrolysates. In normal in- 
dividuals, the evidence is strong that, when 
they are administered sufficiently slowly and 
in proper composition, they are stored and 
converted into proteins; but much remains 
to be learned about abnormal states in 
which the basic difficulties may lie in defec- 
tive mechanisms for converting amino acids 
into the infinite number of proteins. ‘Then 
there is the question whether the adminis- 
tration of hydrolysates serves merely to 
spare body proteins or whether they exert 
some other type of beneficial actions. Why 
does the body lose protein so rapidly in such 
conditions as protracted bed rest, anesthesia 
and operative procedures in which there 
may be apparently little blood loss or tissue 
destruction? An interesting viewpoint was 
presented to the effect that an endocrine 
imbalance involving the cortical hormones 
of the adrenal and the androgens may be 
responsible for the marked loss of proteins 
in certain states of bodily stress. 
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The answers to some of these questions 

have not been entirely satisfactory, but the 
exploration of these and others in the dis- 
cussion this afternoon has helped to reveal 
the complexity of the problem and to pro- 
vide some insight into the reasons for the 
numerous failures to accomplish expected 
results. In disease states, the simple loading 
of the system with amino acids falls far 
short of correcting many of the conditions. 
It was pointed out, for example, that hypo- 
proteinemia in surgical problems is much 
more often corrected by plasma or blood 
infusions than by intravenous hydrolysates; 
and that in the prolonged starvation in 
infant diarrhea, it is imperative first to 
restore the blood protein level by plasma 
infusions before attempting to maintain the 
gains by parenteral protein hydrolysates. 
Much careful observation will be necessary 
properly to sift out the practical from the 
large volume of theoretical indications. 
_ The parenteral administration of protein 
hydrolysates is not without risks. ‘The im- 
provement in the preparations of commerce 
and the slowing of the rate of administration 
have greatly reduced serious accidents 
although minor unpleasant reactions are 
fairly common. Suggestions have been made 
for avoiding disasters in the routine use of 
intravenous protein hydrolysates in hospital 
practice. 

The choice of preparations is of consider- 
able importance, especially in relation to 
those for intravenous injection. Many of the 
preparations now on the market show great 
improvement in composition, freedom from 
pyrogens and allergenic peptides, but the 
matter of preparations is in a state of con- 
stant flux; the ideal preparation is not yet 
available. 

The discussion also includes such topics as 
a formula for complete intravenous alimen- 
tation, dosage for oral use and the various 
routes of administration. 
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Clinico-pathologic Conference 


Hydrohemothorax and Peripheral 
Vascular Collapse’ 


| Reece emma reports, edited by Robert J. Glaser, M. p., of weekly clinico-pathologic 
conferences held in the Barnes Hospital, are published in each issue of the Journal. 
These conferences are participated in jointly by members of the Departments of Internal 
Medicine and Pathology of the Washington University School of Medicine and by 


Junior and Senior medical students. 


HE patient, W. K. (B. H. No. 
137472), a seventy-two year old 
white, unemployed male, entered 

the Washington University Clinics on July 
3, 1946, complaining of cough. The family 
history was entirely normal. The past his- 
tory revealed that in his youth, the patient 
had had measles and, for a month there- 
after, a severe cough. Since that time he had 
been subject to upper respiratory infections 
which were usually associated with cough. 
The patient first had malaria when thirty- 
six years of age and then had had several 
subsequent attacks. At the age of forty-seven, 
he contracted typhoid fever but made an 
uneventful recovery. He always had been 
obese and at one time weighed 274 pounds. 
He had worked in a machine shop until 
forced to retire one year before admission 
because of his age. His habits were good. 
Two months prior to entry, the patient 
was out in the rain for several hours; that 
night his chest felt somewhat “‘tight’’ and he 
wheezed slightly. He then developed a per- 
sistent cough, productive of small amounts 
of frothy sputum which was sometimes 
‘tinged with pink”? and occasionally con- 
tained a little gross blood. The sensation of 
tightness in the chest increased and wheez- 
ing became audible; the patient was of the 


opinion that the wheezing originated in the 
right side more than in the left side of his 
chest. He had no pain but noted increasing 
shortness of breath on exertion and after 
coughing. His appetite steadily failed and 
he began to have night sweats. Since the 
onset of his illness, he had lost 14 pounds. 

Physical examination on entry revealed 
the temperature to be 36.8°c., the pulse 88, 
respirations 22, and blood pressure 140/100. 
The patient was markedly obese; he wheezed 
audibly on expiration but was not orthop- 
neic. The pupils reacted normally; the 
fundi showed some arteriolar narrowing. 
The ear drums were retracted and hearing 
was slightly impaired. There was a large 
perforation of the anterior nasal septum and 
the nasal mucosa was red and edematous. 
The tonsils were atrophic. The trachea was 
in the midline. The right side of the chest 
appeared to be flatter than the left and 
moved less well. There was flatness to per- 
cussion over the lower half of the right 
chest anteriorly and posteriorly; over this 
area tactile fremitus was lost and breath . 
sounds were absent. Breath sounds were 
bronchial in quality over the right upper 
lobe anteriorly. The spoken voice was 
diminished over the right lower lobe and 
had a nasal quality; the whispered voice was 


* From the Departments of Internal Medicine and Pathology, Washington University School of Medicine and the 
Barnes Hospital, St. Louis, Mo. 
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absent. The cardiac apical impulse was not 
felt and the left border, which was per- 
cussed with difficulty because of the patient’s 
obesity, extended approximately 13.5 cm. 
to the left of the mid-sternal line in the fifth 
interspace. ‘he rhythm was regular; the 
sounds were very distant but P2 was greater 
than Ag. The abdomen was pendulous but 
no organs or masses were detected. In the 
left upper portion of the prostate a small, 
very firm, non-tender nodule was palpable. 
The deep tendon reflexes were hypoactive. 

A roentgenogram of the chest was re- 
ported as follows: ‘“There is fluid in the 
right pleural cavity up to the third inter- 
space; the heart is shifted to the left. The 


left chest is clear.”’ 


The patient returned to the Clinic three 


days after his first visit; a thoracentesis was 
performed and 1,300 cc. of serosanguineous 
fluid were removed from the right chest. 
The fluid did not clot; it contained 35,000 
cells without acid and 1,300 cells with acid; 
the differential count showed 52 per cent 
lymphocytes, 16 per cent segmented forms 
and 32 per cent large mononuclear cells. 

The patient again returned to the Clinic 
three days later in apparent shock. He was 
immediately admitted to the Barnes Hos- 
pital. No further history was available. 

At the time of entry, physical examination 
revealed the temperature to be 36.5°c., the 
pulse 110, respirations 40 and the blood 
pressure 80/0. The patient was pale, per- 
 spiring and markedly dyspneic and orthop- 
neic. He talked in gasps but the effort seemed 
to exhaust him. The trachea was displaced 
to the left. An inspiratory wheeze was audi- 
ble and expiration was forced. A paradoxical 
pulse was present. The liver edge was felt 
2 cm. below the costal margin and was 
slightly tender. There was pretibial edema. 
The remainder of the physical examina- 
tion was unchanged from that recorded 
previously. | 

The laboratory findings were as follows: 
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Blood count: red cells, 5,240,000; hemo- 
globin, 15 Gm.; white cells, 19,650; differ- 
ential count: segmented forms, 77 per cent; 
lymphocytes, 12 per cent; monocytes, 11 per 
cent. Urinalysis: albumin, normal; sedi- 
ment: many hyaline, finely granular and 
waxy Casts; 20 to 30 red blood cells per high 
power field. Blood Kahn reaction: negative. 
Roentgenogram of the chest: ‘““There is some 
increase in fluid in the right pleural cavity 
since the previous film. A fluid level is seen 
within the circle of the first rib. There is 
little displacement of the mediastinum; the 
cardiac shadow is enlarged.”’ Electrocardio- 
gram: Low voltage in all complexes; T 
waves iso-electric in leads 1, 0, and m1; Q 
wave in leads mm and CF tv. 

Immediately after entry, a thoracentesis 
was performed; after 1,250 cc. of sero- 
sanguineous fluid were removed from the 
right chest, the patient became more 
dyspneic and anxious and the procedure was 
discontinued. The fluid had a specific 
gravity of 1.014; it contained 70,000 red 
cells and 2,050 white cells. The differential 
count showed 3 per cent segmented forms, 
95 per cent lymphocytes and 2 per cent 
large mononuclear cells. ‘The protein con- 
tent was 2.4 Gm. per cent. Microscopic 
sections of the cell block sediment (reported 
after death) revealed epithelial cells which 
formed acini. Roentgenogram of the chest, 
obtained following the thoracentesis, was 
reported as follows: ““There is a large 
amount of fluid in the right chest; the 
trachea is deviated to the left in its upper 
portion and to the right in its lower portion. 
The heart is unchanged in appearance from 
the previous film. The left chest is clear.” 

Following the thoracentesis the patient 
continued to be markedly dyspneic and 
orthopneic; he was given 30 mg. of mor- 
phine sulfate in divided doses and was 
placed in an oxygen tent. The heart sounds 


became inaudible; the pulse was thready — 


but definitely paradoxical. ‘The respirations 
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- became progressively more difficult and 
rapid. Twelve hours after admission another 
thoracentesis was done on the right, and 
600 cc. of serosanguineous fluid were re- 
moved without obvious benefit to the 
patient. A pericardial paracentesis was at- 
tempted and 50 cc. of bloody fluid were 
withdrawn; the fluid did not clot. The 
patient continued to fail and died twenty- 
four hours after admission. , 


CLINICAL DISCUSSION 


Dr. Harry L. ALEXANDER: This case 
presents two major problems: The first 
concerns the nature of the primary disease 
and the second the explanation of the ter- 
_minal events. When the patient first came 
to the Clinic, he was not desperately ill; he 
became so, however, several days later and 
died within a week. Dr. Flance, what pri- 
mary diagnosis would you attach to this 
man’s illness? 

Dr. I. JEROME FLANCE: Considering the 
patient’s age, his history and the fact that 
he had a bloody pleural effusion, it seems 
likely that he had a malignancy and one 
would certainly consider the possibility of 
primary carcinoma of the lung. 

Dr. ALEXANDER: Dr. Dammin, would 
you describe the microscopic section made 
from the cell sediment of the pleural fluid? 

Dr. GusTAvE J. DAMMIN: One sees two 
types of cells in the section. (Fig. 1.) The 
darker staining cells appear to form acini 
and thus strongly suggest a malignancy. The 
lighter cells with large pale nuclei consti- 
tute the normal lining of the pleural surface. 
In our opinion, the most likely diagnosis is 
that of a malignant tumor involving the 
pleural cavity. 

Dr. ALEXANDER: Dr. Flance, would you 
comment on the type of tumor which this 
man may have had? 

Dr. FLANCE: Primary adenocarcinoma of 
the lung usually does not occlude a major 
bronchus whereas squamous cell carcinoma 
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may well cause bronchial obstruction. The 
signs described in the physical examination 
would have been compatible with bronchial 
obstruction in addition to pleural effusion. 

Dr. ALEXANDER: Is adenocarcinoma the 
most common type of primary lung tumor? 

Dr. FLANCE: No, epidermoid carcinoma 
is most frequent. The fact that such tumors 
often arise around a major bronchus ex- 
plains why they may ultimately lead to ob- 
struction and atelectasis. 

Dr. ALEXANDER: I understand that you 
assume that the pleura was invaded by a 
tumor which was primary in the lung. Have 
you considered a primary endothelioma of 
the pleura? 

Dr. FLANcE: It is an extremely rare 
tumor. 

Dr. ALEXANDER: I agree that it is most 
likely that this man had a bronchogenic 
carcinoma which invaded his pleura and 
gave rise to the effusion. A thoracentesis was 
performed and 1,300 cc. of fluid were 
removed. Three days later, when the patient 
was admitted to the hospital, another thora- 


-- centesis was begun and 1,200 cc. of fluid 


were removed before the procedure had to 
be interrupted because of increasing dyspnea 
and apprehensiveness. Is rapid reaccumula- 
tion of fluid common in a situation such as 
was presented here? 

Dr. FLANCE: Patients with metastases to 
the pleura may reaccumulate fluid with 
striking rapidity. 

Dr. ALEXANDER: Is not the fact that the 
effusion was bloody of great significance in 
regard to prognosis? 

Dr. KeirH S. Witson: A number of stu- 
dies have shown that most bloody pleural ef- 
fusions are due to malignancy involving the 
pleura. A certain number arise as a result 
of direct trauma or rupture of a vessel and 
rarer causes include tuberculosis and acute 
infections of the lung. 

Dr. ALEXANDER: Turning to the events 
which led to the patient’s admission to the 
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hospital, it will be remembered that when 
he returned to, the Clinic for the third time, 
his condition had become grave; indeed, he 
was described as being in shock. Dr. Wilson, 
I believe you saw him at that time. Would 
you comment? 

Dr. Witson: He certainly appeared to be 
in a state of peripheral vascular collapse. We 
felt that in all probability he had a peri- 
cardial effusion, probably with tamponade. 

Dr. ALEXANDER: Dr. Bottom, do the 


x-ray findings contribute to the solution of 


the problem here? 

Dr. Dona. S. Bottom: The second film 
was obtained with portable equipment and 
was not very clear but the heart did not 
seem to be larger than it was on the previous 
films and the mediastinum did not appear to 
be shifted. 

Dr. ALEXANDER: Dr. Schroeder, do 
you believe that a massive pleural effusion 
may give rise to signs simulating concn 
_ tamponade? 

Dr. HENRY A. SCHROEDER: No, I do not 
think so, especially if the mediastinum is not 
shifted. 

Dr. ALEXANDER: Dr. Wilson, what signs 
pointed to cardiac tamponade? 

Dr. Witson: The inaudible heart sounds, 
paradoxical pulse and shock-like state all 
suggested that diagnosis. 

Dr. ALEXANDER: Dr. Erlanger, would 
you discuss the electrocardiogram? Does it 
give any indication of cardiac tamponade? 

Dr. HERMAN ERLANGER: The most strik- 
ing thing about the electrocardiogram was 
the extremely low voltage; the IT waves 
throughout were flat. The extremely low 
voltage and the flattening of the TIT waves 
are both consistent with a diagnosis of peri- 
cardial effusion and taken together with the 
physical signs and the patient’s clinical con- 
dition are certainly significant. If the patient 
had had pericarditis, elevation of the S-T 
segments with inversion of the TIT’ waves 
might have been present. 


AMERICAN JOURNAL OF MEDICINE 


489 


VISITING PHysICIAN: Were the patient’s 
veins distended? 

Dr. Witson: The patient was quite obese 
and neck vein distention could not be 
demonstrated. 

Dr. ALEXANDER: Is venous distention 
prominent in acute tamponade? 

Dr. Witson: Frequently it is not; the 
venous pressure should be measured in order 
to determine increased venous pressure; 
often, as was true here, patients are so 
dyspneic and apprehensive that accurate ° 
determinations cannot be made. 

Dr. ALEXANDER: In chronic constrictive 
pericarditis there are adhesions about the 
vena cavae causing the venous pressure to 
be elevated, but in acute tamponade I am 
not quite certain as to the mechanism. The 
pericardium does not extend far over the 
veins entering the right auricle and one must 
consider pressure on the auricle itself. 

Dr. Witson: In chronic constrictive peri- 
carditis, I would expect the venous pressure 
to be considerably higher than in acute car- 
diac tamponade. 

Dr. SCHROEDER: One must take into ac- 
count the amount of fluid remaining in the 
peripheral vascular system at the time of the 
cardiac accident. For example, in cardiac 
failure associated with coronary artery oc- 
clusion, the venous pressure may not be 
elevated at the onset, but as time goes on, 
especially in the presence of severe occlusion, 
and the patient retains salt and fluid, the 
amount of fluid in the periphery increases 
and the signs of congestive failure appear. 

Dr. Damain: Do you interpret the palpa- 
ble liver and .the pretibial edema as evi- 
dence of impaired return of blood to the 
right heart? 

Dr. SCHROEDER: Yes. 

Dr. Henry H. Granuam: Three days be- 
fore entry, when the patient was examined in 
the Clinic, his liver was not palpable and he 
apparently had no edema; he did, however, 
have edema when admitted to the hospital. 
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VisITING PuysiciAN: If this patient had 
not been in shock when he came in, his 
venous pressure might well have been 
elevated. 

Dr. SCHROEDER: That is a very well taken 
point. The extra fluid may have been in his 
capillaries. 

Dr. SAMUEL C. Bukantz: I think we 

should consider the large amount of fluid in 
his right chest as possibly accounting for the 
low circulating volume, especially if the 
effusion represented a recent and fairly 
rapid accumulation. 
_ Dr. ALEXANDER: The patient had a total 
of about 2,500 cc. of fluid removed from his 
chest. I do not know whether this amount 
could have been a factor in his low circulat- 
ing blood volume. What is your opinion, 
Dr. Schroeder? 

Dr. SCHROEDER: It is difficult to say. I 
think that this loss of fluid from his vascular 
system would have been replaced by conges- 
tive fluid. However, if the patient had re- 
ceived no fluid by mouth or vein, he may 
well have been dehydrated. 

Dr. ALEXANDER: Are there any other sug- 
gestions to explain the acute episode which 
lasted only twenty-four hours and termi- 
nated in the patient’s death? 

Dr. PALMER H. Futcuer: I think of one 
alternate possibility—coronary occlusion. 
This man was seventy-two years old and 
was certainly a candidate for coronary ar- 
tery disease; I do not believe that the 
electrocardiogram rules out the possibility 
of an acute myocardial infarction. 

Dr. ALEXANDER: How would you explain 
the pericardial fluid which apparently was 
not present one week prior to death? 

Dr. Futcuer: If the patient had had a 
coronary occlusion, he might well have had 
a small amount of pericardial fluid in asso- 
ciation with the acute episode. Only 50 cc. 
of fluid were withdrawn from the pericar- 
dium; such an amount, if indeed that is all 
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there was, would have been insufficient to 
cause tamponade. | 

Dr. ALEXANDER: Dr. Graham, are you 
satisfied that there were only 50 cc. of fluid 
in the pericardium? 

Dr. GRAHAM: No, I am sure there was 
much more. 

Dr. ALEXANDER: What alternate explana- 
tion do you offer for the pericardial fluid? 

Dr. FuTcHER: The patient may have had 
local involvement of the pericardium by 
tumor; it is also conceivable that the needle 
was not in the pericardial sac when the 50 
cc. of fluid were withdrawn. 

Dr. ALEXANDER: Certainly, a tumor of 
the lung may have metastasized to the 
pericardium and given rise to an effusion. 

Dr. FuTcHER: In considering the origin 
of metastatic carcinoma, two sites come to 
mind, neither of which seems as likely as the 
lung. First, the presence of red cells in the 
urine suggests a renal call carcinoma. Sec- 
ondly, a small nodule was described in the 
prostate and conceivably the patient may 
have had carcinoma of the prostate with 
metastases. 

Dr. ALEXANDER: I think both of your 
suggestions merit consideration. Hyperne- 
phroma, which so frequently metastasizes 
to the lungs, is particularly worthy of 
consideration. 

Dr. SCHROEDER: Could we have addi- 
tional information regarding the nature of 
the fluid taken from the pericardium? 

Dr. GRAHAM: The fluid looked like pure 
blood but did not clot. 

Dr. ALEXANDER: Are there further sugges- 
tions? 

Dr. ERLANGER: There is one further 
comment which I would like to make. The 
electrocardiogram does not rule out the pos- 
sibility of myocardial infarction. In the early 
stages of an infarct, the electrocardiogram 
may show very little change other than low 
voltage. | 
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Dr. ALEXANDER: In summary, it seems 
most likely that this patient had a broncho- 
genic carcinoma which metastasized to the 
right pleural cavity and probably to the 
pericardium; the pericardial metastases pro- 
duced an effusion and subsequently cardiac 
tamponade of rather sudden onset. Acute 
myocardial infarction has been mentioned 
‘as a possible explanation of the terminal 
episode and the kidney and prostate were 
listed as possible primary tumor sites. 

Clinical Diagnoses: Bronchogenic carci- 
noma with metastases to the right pleural 
cavity and the pericardium; pericardial 
effusion and acute cardiac tamponade; 
? myocardial infarction; ? hypernephroma; 
? carcinoma of the prostate. 


PATHOLOGIC DISCUSSION 


Dr. RicHAarD E. JoHNson: The right 
pleural cavity contained 300 cc. of blood- 
stained, cloudy fluid. In the right upper 
lobe there was a marked retraction of the 
pleura over an area approximately 1 cm. in 
diameter. The cut surface through this area 
revealed a grayish, granular tumor mass 
lying immediately beneath the retracted 
pleura, and a white zone of induration ex- 
tended toward the hilus also involving the 
mediastinum. The main stem bronchus was 
narrowed by a thickened, indurated wall 
but the mucosa, as far as it could be traced, 
was intact. A small bronchus, approximately 
1 mm. in diameter, entered the tumor mass 
and ended in an area of necrosis. A lingular 
process of the right lobe was cut off by 
fibrous scarring and the area was reddened 
and firm. A small artery leading to this 
region was found to contain a grayish-red 
thrombus. The left lung showed many areas 
of atelectasis. 

The pericardial sac contained 1,500 cc. 
of grossly bloody fluid which did not clot. 
The parietal layer was continuous with the 
' tumor mass in the mediastinum and its sur- 
face was covered with a shaggy fibrinous 
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exudate. When the exudate was removed, 
the surface was finely granular with many 
grayish white nodules and extensive areas 
of ecchymosis. There were two nodules 
noted in the liver and a single small nodule 
in the cortex of the right kidney. They 
were interpreted as representing metastatic 
tumor. 

_ In the posterior lobe of the prostate, there 
was a firm, yellowish white nodule measur- 
ing 2 by 1 by 1 cm. On cross section, it was 
homogenous and sharply demarcated from 
the surrounding tissue. 

Dr. RoBerT A. Moore: Quite aside from 
answering some of the specific questions 
raised in the clinical discussion, such as the 
cause of the pericardial effusion, the essen- 
tial task of the pathologist in analyzing this 
case is to determine the primary site of the 
tumor. Manifestly, there was a tumor in the 
lung and about the right hilus which ex- 
hibited many of the characteristics of a 
primary carcinoma of the bronchus or lung. 
Certainly, from the standpoint of gross ap- 
pearance, it might have been either one of 
two types of carcinoma; that is, a broncho- 
genic carcinoma or one of the so-called 
peripheral lung tumors. The latter are char- 
acterized by depressed, radiating surface 
scars, the tumor lying just beneath the scar. 
An interesting question concerning the 
origin of such tumors arises, for when one 
has seen several of them he is not at all 
convinced that the tumor can produce as 
much scarring and retraction of the pleura 
as is characteristically seen; hence the possi- 
bility that a peripheral lung tumor originates 
in a pre-existing scar must be considered. 

Turning to the prostate gland, the gross 
appearance of the nodule in that structure 
also bore the characteristics of a primary 
tumor. It was located in the posterior lobe 
of the gland, was unilateral, and was of a 
size consistent with many occult carcinomas 
of the prostate. Our major problem, then, 
was to determine whether this man had two 
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primary tumors, or whether he had one 
tumor which metastasized to several other 
organs. If one assumes that there was a 
single primary tumor which arose in the 
lung, could the nodule in the prostate have 
represented a metastasis? Such an ex- 
planation is most unlikely for metastatic 
carcinoma of the prostate is practically 
unknown. Occasionally metastases of the 
prostate are seen when the organ is invaded 
by tumors arising in nearby structures; that 
is, the rectum, the bladder or from reflec- 
tions of the peritoneum. But an actual car- 
cinoma nodule in the prostate, metastatic 
from a distant organ is an extreme rarity, 
almost as rare as primary carcinoma of the 
seminal vesicles of which, I believe, there 
are some seven or nine cases in the world 
literature. I have read all of those reports 
and on the basis of the description given 
have my doubts as to whether any actually 
were primary in the seminal vesicle. The 
converse explanation, that is, that the tumor 
was primary in the prostate and metasta- 
sized to the lung, liver and kidney must also 
be considered. In order to attempt to reach 
a final conclusion, we must rely on the 
microscopic sections and examine the his- 
tologic structure and the appearance of the 
lesions. 

The first section (Fig. 2) is from a bron- 
chus surrounded by tumor. The mucosa is 
in large part replaced by tumor; there are a 
few islands of normal glands remaining. The 
tumor lies outside the muscularis; as Dr. 
Johnson pointed out in the gross description, 
no ulceration of the mucosa could be de- 
tected and in those sections which have been 
examined microscopically, the epithelium 
of the surface is intact. Now that observation 
has an important bearing on our final con- 
clusion, particularly if it holds for all of the 
mucosal surface. Carcinoma of the bronchus 
originates from surface epithelium rather 
than from the glands themselves; and if 
intact surface epithelium exists over the 
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entire extent of the tumor nodule in the lung, 
a serious doubt would arise that the tumor 
represented a primary carcinoma of the 
bronchus, at least of the type usually seen. 

There are certain organs in the body that 
give rise to tumors which produce mucin; 
such tumors arise from cells which them- 
selves are capable of producing mucin. 
There are certain other organs whose cells 
do not possess this characteristic. We are 
fortunate here in dealing with bronchus and 
prostate. Mucinous carcinoma of the pros- 
tate does not exist because the prostatic 
epithelial cell does not have the capacity, 
under any circumstance, to make mucin. On 
the other hand, primary carcinoma of the 
bronchus is frequently of the mucinous type, 
though not exclusively so. Adenocarcinoma 
of the lung, the type seen here, occasionally 
does not produce mucin. Mucicarmine 
stains demonstrate that the tumor cells are 
free of any intracellular mucin. The cell 
itself is of a type consistent with an origin 
either in the bronchus or prostate; there is 
nothing in the histologic appearance which 
points to.one or the other with any cer- 
tainty. If, as are 35 to 40 per cent of all 
primary malignancies of the lung, this 
tumor were an epidermoid carcinoma, the 
problem would be simple for an epidermoid 
carcinoma of the prostate is an extreme 
rarity. I believe there are forty or fifty cases 
reported in the literature; perhaps all of 
these arise from the prostatic utricle and not 
from the prostate itself. ‘They are relatively 
benign and metastasize late. 

In the next section (Fig. 3), lung, ple- 
ura and a mediastinal node are shown; 
the tumor has invaded both the node and 
the pleura and has obliterated the pleural 
cavity on the medial side of the lung. In 
Figure 4, the periphery of the lung is seen; 
the section represents an excellent exam- 
ple of lymphatic invasion in the pleura 
by adenocarcinoma. The tumor exhibits a 
moderately anaplastic character in that 
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Section of cell block made from pleural fluid. Note the tendency toward acinar formation. 


Fic. 2. Section showing a bronchus surrounded by tumor. 

Fic. 3. Section showing the lung, pleura, and a mediastinal node involved by tumor. 

Fic. 4. Lymphatic invasion by adenocarcinoma in the pleura. 

Fic. 5. Section showing invasion of the pericardium by tumor. 

Fic. 6. Section of the primary carcinoma in the prostate. Note that many of the glands have pulled away 


from the basement membrane. 


there is a slight to moderate amount of 
connective tissue in between the tumor cells. 
Figure 5 shows a section of the pericardium 
and pleura. The tumor has invaded the 
pericardium and the invasion is certainly 
an adequate explanation of the origin of the 
pericardial effusion. When the pericardium 
is invaded by tumor there may be a variable 
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amount of fluid in the pericardial sac. In 
this instance, you remember 1,300 cc. were 
found. 

Finally, the section of the prostatic nodule 
(Fig. 6) could not be a more typical example 
of primary carcinoma of the prostate. The 
tumor is composed of acini of variable size 
and structure. They are composed largely 
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of basophilic cells and there is little evidence 
of secretion. The connective tissue of the 
stroma of the prostate is not greatly altered. 
A point that is extremely valuable, but not 
diagnostic because it is an artefact, is that 
many of the glands are pulled away from 
the basement membrane. This feature is 
highly characteristic of carcinoma of the 
prostate. I lay great weight on the presence 
of this artefact in making a microscopic 
diagnosis of carcinoma of the prostate. In 
some way the epithelial cells of a carcinoma 
of the prostate respond differently than 
other cells to the agents used in the prepara- 
tion of microscopic sections; that is, to form- 
aldehyde, to dehydration in alcohol and to 
heating. This phenomenon is not seen when 
celloidin sections of carcinoma of the pros- 
tate are prepared. 

To return to the question of the origin of 
the primary tumor in this case, we must 
accept the carcinoma of the prostate as 
being primary. The tumor exhibits all of the 
characteristic gross and microscopic find- 
ings. It is well known that primary car- 
cinoma of the prostate may be occult and 
yet may give rise to metastases which, in 
size, extent and in production of clinical 
symptoms, may be all out of proportion to 
the size and extent of the primary tumor. 
There is a generally accepted dictum which 
we have pointed out at these conferences 
previously, namely, that in attempting to 
establish whether in a given case there is one 
or two tumors, the burden of proof is on the 
individual who says there are two tumors. 
We can muster few positive facts to support 
the concept that there was a _ primary 
carcinoma of the bronchus. We conclude, 
therefore, that the patient had a primary 
carcinoma of the prostate with metastases 
to the lung, hilar lymph nodes, pleura of the 
right lung, mediastinum, pericardium, liver 
and right kidney. 

One point concerning the metastases 
should be made. From time to time, we have 
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suggested the value, in differential diagno- 
sis, of the location of metastases. ‘This patient 
had metastases to the liver and the right 
kidney which would be more characteristic 
of carcinoma of the bronchus than of car- 
cinoma of the prostate. As I have also 
pointed out before, however, all deductions 
based on differences in the distribution of 
metastases of carcinoma of the lung in con- 
trast with other carcinomas are non-opera- 
tive as soon as the latter metastasize to the 
lung, for then secondary metastases may 
arise in the same distribution as those from 
a primary carcinoma of the bronchus. The 
primary tumor in this case, therefore, de- 
spite the fact that it arose in the prostate, 
having gone to the lung, may then have 
metastasized further to any other organ. 

In regard to the heart, it weighed 420 
Gm. The patient weighed 97 Kg. and it 
would be difficult to establish a diagnosis of 
hypertrophy of the heart in view of the total 
body weight. Perhaps there was slight car- 


diac enlargement but it was certainly not 


striking. Considering the question of the 
presence or absence of cardiac failure, we 
observed at autopsy slight edema of the 
extremities and chronic passive congestion 
of the liver and spleen; these findings could 
not be accounted for on the basis of the 
right hydrothorax. We would, therefore, 
conclude that the patient had an element of 
congestive failure and that presumably it 
was caused by the accumulation of 1,300 
cc. of fluid in the pericardial sac. He had 
only slight arteriosclerosis of the coronary 
arteries and there was no evidence in the 
myocardium that he had suffered coronary 
insufficiency. Finally, as to the presence of 
red blood cells in the urine, we suspect that 
that finding was of no significance except to 
make the clinicians’ problem more difficult, 
for in our examination to explain the hema- 
turia the only finding, either grossly or 
microscopically, were a few petechiae in the 
medulla of the kidney. Why they were there, 
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I do not know, unless they can be explained 


- on the basis of cardiac failure. 


Dr. ALEXANDER: Dr. Moore, because of 
your very extensive experience with car- 
cinoma of the prostate, I should like to ask, 
first, the incidence of involvement of. the 
lung by carcinoma of the prostate, and 
secondly, whether you would consider uni- 
lateral involvement of the lung unusual? 

Dr. Moore: It is unusual, Dr. Alexander, 
for carcinoma of the prostate to produce the 
type of metastasis such as you saw here, that 
is, a mass in the mid-zone of the lung extend- 
ing into the mediastinum. We have men- 
tioned on occasion that one basis for 
distinguishing a primary carcinoma of the 
lung from other tumors is the occurrence of 
metastases to a regional node. At a reason- 
ably early stage in the disease, metastatic 
carcinoma arising in other organs will ap- 
pear in the lung but not in the regional 
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node, while at the same stage the primary 
tumor of the bronchus will have metasta- 
sized to the regional node. The metastasis 
seen here is unusual for a tumor having 
arisen elsewhere and I cannot, therefore, 
absolutely deny that this man did not have 
two tumors, one of which was in the bron- 
chus. However, I can marshall no objective 
positive evidence to support such a concept 
and, therefore, on the thesis that the burden 
of proof is on the pathologist who says there 
are two tumors, we concluded that there 
was only one. 

Anatomic Diagnoses: Carcinoma of the 
prostate; metastatic carcinoma involving 
the lung, hilar lymph nodes, pleura of right 
lung, mediastinum, pericardium, liver, and 
right kidney; hydrohemopericardium (1,300 
cc.); hydrohemothorax, right (300 cc.); 
infarct of upper lobe of right lung; chronic 
passive congestion of liver and spleen. 
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Case Report 


Destructive Osseous Lesions in Early 


Syphilis’ 


Response Following Penicillin Therapy 


RoBERT J. GLASER, M.D. and VirGIL SCOTT, M.D. 
ST. LOUIS, MISSOURI 


ESTRUCTIVE lesions of the bones are 
1) a well authenticated but rare type 
of osseous involvement in early 
syphilis. Although other skeletal manifesta- 
tions are not uncommon during this stage 
of the disease, Reynolds and Wasserman! 
were able to collect only fifteen cases of 
destructive bone lesions from the literature, 
prior to 1942. These authors reported an 
additional fifteen cases observed in a total 
of approximately 10,000 patients with 
early syphilis. Since their report Exley and 
Newton? and Lefkovits and Cross* have 
each presented one case. 

The favorable response of this type of 
lesion during weekly treatment with the 
arsenicals and bismuth has been demon- 
strated.’ Under prolonged treatment meth- 
ods, complete healing as determined by 
X-ray examination has occurred in periods 
ranging from four to ten months and in the 
few patients on whom follow-up data are 
available, the ultimate prognosis for cure 


with rare exceptions appears to be no less: 


favorable than in the absence of this com- 
plication. With the demonstration of the 
therapeutic efficacy of penicillin in uncom- 
plicated early syphilis, it becomes of impor- 
tance to determine the effect of this anti- 


biotic on rare manifestations of the disease 
such as this, and in addition, since it has 
not previously been studied, the effectiveness 
of an intensive regimen, wherein treatment 
is completed even before roentgenographic 
evidence of bone repair has begun. * 

Penicillin has been employed in only one 
published case, that of Lefkovits and Cross.* 
Although in their patient the initial re- 
sponse was Satisfactory, the effect of treat- 
ment was complicated by the administration 
of two courses of penicillin (2.4 million 
units in 7.5 days, 4.0 million units in ten 
days) separated by an interval of approxi- 
mately one month. Parenthetically, the 
indication for retreatment is not stated in 
the protocol. Since their patient was ob- 
served for only forty-eight days following 
the initial course of penicillin and healing 
was not complete at that time, the ultimate 
outcome was not determined. 


CASE REPORT 


N. P., (No. 129,849), a twenty-three year old 
white divorced female, reported to the Washing- 
ton University Clinics on October 17, 1945, 
complaining of severe headache of six weeks’ 
duration. On examination in the Otolaryn- 


* No reports have appeared regarding the effectiveness 
of intensive arsenotherapy on this type of lesion. 


* From the Departments of Internal Medicine and Preventive Medicine, Washington University School of Medi- 
cine, the Syphilis Clinic of the Washington University Clinics and the Barnes Hospital, St. Louis, Mo. The work 
described in this report was performed under a contract recommended by the Committee on Medical Research between 
the Office of Scientific Research and Development and Washington University, and under a grant-in-aid from the 
National Institute of Health, United States Public Health Service. 
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gology Clinic, acute frontal sinusitis was sus- 
pected but was not confirmed by x-ray. Because 
the serologic test for syphilis was positive on 
routine examination, she was referred to the 
Syphilis Clinic at which time the diagnosis of 
early syphilis was established. The patient was 
admitted to the Barnes Hospital on November 8, 
1945. 

According to the patient serologic tests for 
syphilis had been negative on three previous 
occasions: ten years before her present admis- 
sion, while hospitalized elsewhere for an 
appendectomy; one year before on premarital 
examination and four and one-half months 
previously on pre-employment testing. At the 
time of her marriage in October, 1944, her 
husband’s premarital STS* was said also to 
have been negative. The marriage lasted six 
months; the patient obtained a divorce in 
March, 1945, nine months before her admission 
to the hospital. The husband’s syphilitic status 
_at the time of separation is not known, but the 
patient’s allegedly negative STS four months 
later is presumptive evidence that he was not 
infected. 

During the five months prior to entry the 
patient admitted repeated sexual exposure with 
a single consort. Two and one-half months 
before admission the latter developed a urethral 
discharge and was treated for gonorrhea else- 
where with penicillin.f At the same time the 
patient also received penicillin (three injections 
in one day), the diagnosis of a gonococcal infec- 
tion apparently based on epidemiologic evidence. 

Shortly prior to this time (about three and 
one-half months before admission) the patient 
struck her head in the left occipitoparietal region 
on a sharp ledge. A tender “‘knot” developed 
at the site; the lump persisted although tender- 
ness disappeared in three days. After a symptom- 
free interlude of approximately six weeks, 
headaches characteristic of the present illness 
began two months before admission. These were 
predominately frontal in location, dull but 
intense and worse on movement of the head; 


* Serologic test for syphilis. 

{ From the standpoint of syphilis this contact remained 
clinically and serologically negative on repeated ex- 
aminations over a seven months period (November, 
1945 to June, 1946). | 
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at times there was radiation posteriorly over the 
cranial vault. The characteristic feature of | 
the headache was its nocturnal occurrence, the 
patient being awakened regularly at 4:00 a.m. 
At one time her right eyelid was said to have been 
swollen and discolored but these signs subsided 
spontaneously and were not apparent on admis- 
sion. Approximately six weeks before admission 
the headache became bilateral and point tender- 


~ ness developed on the left at the site of the previ- 


ous injury. Simultaneously, three scattered 
skin lesions appeared. The patient denied any 
lesion, genital or extragenital, which in retro- 
spect might have represented a chancre. There 
had been no bubo, generalized skin rash, oral 
lesions, sore throat or other bone pain. 

On physical examination after admission to 
the hospital, the rectal temperature was 38.0°c., 
pulse 100 per minute, respirations 20 per minute, 
blogd pressure 130 mm. Hg systolic and 70 
diastolic. Three red, partially crusted papules 
were present on the skin; one each on the inner 
surface of the left arm, the right side of the neck _ 
and the medial aspect of the left mid-thigh. 
Over the region of the left occipitoparietal 
junction a small, exquisitely tender, hard mass 
measuring 1 by 2 cm. was easily palpable. 
This seemed attached to the skull but not to the 
overlying skin. No alopecia was evident and no 
other areas of tenderness or tumefaction were 
discovered, either over the skull or over the 
long bones. Examination of the eyes was not 
remarkable except for slight hyperemia of 
the optic discs. No lesions were visible on the 
mucous membranes of the oropharynx. The 
remainder of the physical examination was 
within normal limits. No adenopathy (regional 
or general) was present, no lesions or scars were 
visible on the external genitalia and the cervix 
appeared normal on inspection. The neck was 
not stiff and the neurologic examination was 
entirely negative. 

Laboratory studies included a normal red 
blood cell count and hemoglobin. The leuko- 
cytes numbered 11,100; the differential showed 
1 per cent juveniles, 4 per cent stabs, 52 per cent 
segmented forms and 43 per cent lymphocytes. 
The urinalysis was normal. On dark field ex- 
amination of serum expressed from the papule 
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Fic. 1. Lateral roentgenogram of skull before treatment. Three areas of bone destruction are visible in 
the parietal bone. A similar lesion is present in the frontal bone. 
Fic. 2. Lesions show evidence of healing eighty-nine days following completion of penicillin therapy. 


on the left arm, numerous Treponema pallidum 
were seen. Quantitative blood STS was re- 
ported as 120 Kahn units. Examination of the 
cerebrospinal fluid showed 15 lymphocytes, 
total protein 39 mg. per cent, colloidal test 
0000000000 and a negative Kolmer complement 
fixation reaction with 0.5 cc. of spinal fluid. An 
ophthalmologic consultant recorded normal 
visual acuity and fields. The x-ray film of the 
skull showing multiple areas of destruction is 
reproduced in Figure 1. No abnormalities of the 
thoracic cage were evident on roentgenogram of 
the chest. 

Hospital Course. Antisyphilitic treatment con- 
sisted of commercial sodium penicillin adminis- 


tered by intramuscular injection in divided doses 
of 50,000 units every two hours day and night 
for ninety-six injections, a total of 4.8 million 
units in 7.5 days. No Herxheimer reaction 
(clinical or febrile) followed the institution of 
treatment. Within forty-eight hours bone pain 
and tenderness were strikingly improved and 
by the fifth day of treatment they had disap- 
peared completely. The skin lesions healed 
rapidly. At the completion of treatment the 
quantitative blood STS was unchanged (120 
KU); the cerebrospinal fluid contained two 
cells and was normal in other respects. 
Follow-up Observations. Clinical and quanti- 
tative serologic examinations have been per- 


Fic. 3. Further healing is apparent 122 days after penicillin therapy. 
Fic. 4. Lesions are completely healed on the two-hundred eighth post-treatment day. 
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formed at approximately monthly intervals 
during the first post-treatment year and every 


three months thereafter. No recurrent infectious” 


mucocutaneous lesions have been observed; the 
patient has remained symptomatically well 
during the one year and four months since treat- 


TABLE I 
SEROLOGIC RESPONSE FOLLOWING PENICILLIN THERAPY 

Days After Titer 

Treatment (Kahn Units) 


ment. Quantitative blood serologic tests for 
syphilis in relation to days after the termination 
of penicillin therapy are shown in Table 1. The 
cerebrospinal fluid on re-examination nine 
months following treatment was normal. 
Periodic roentgenograms have been obtained 
since the completion of penicillin therapy. On 
the twenty-fourth post-treatment day there was 
as yet no change in the appearance of the lesions. 
As shown in Figure 2, evidence of healing had 
become apparent by the eighty-ninth day and 
at the end of 122 days (Fig. 3) there had been 
progressive improvement. On the next film 
(208 days) no residua of the destructive lesions 
remained. (Fig. 4.) The most recent x-ray 
examination of the skull, made 465 days after 
the completion of treatment, appeared normal. 


COMMENTS 


Although destructive osseous lesions are 
rare in early syphilis, other evidences of 
skeletal involvement (arthralgia, osteocopic 
pain and proliferative periostitis) are ex- 
ceedingly common. For example, Wile and 
Senear‘ in a painstaking clinical study of 
165 patients with early syphilis found 
symptoms and/or signs referable to the 
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bones and joints in sixty patients (36 per 
cent). The frequency of destructive lesions 
is not known since no one has reported the 
results of complete roentgenologic study on 
a series of patients with early syphilis. 
From the available reports, the sites of 
predilection appear to be the skull, the — 
bones about the sternoclavicular joint and 
the long bones, in that order. 

The diagnostic problem presented by 
these lesions has been repeatedly stressed'**° 
and is re-emphasized by our own patient 
who in the six weeks prior to admission 
consulted three physicians and was ac- 
corded three different diagnoses—“‘sinu- 
sitis,’ “‘neuralgia’” and ‘“‘menopausal syn- 
drome.” It was only after an additional 
three weeks and six clinic visits to our own 
institution that the correct diagnosis was 
suspected and then only after the admission 
STS, routinely performed on all new pa- 
tients, was reported positive. 

In this patient the therapeutic response 
following penicillin therapy appears to 
have been as prompt as has been recorded 
during prolonged treatment with metal 
chemotherapeutic agents. Symptomatic re- 
lief occurred within forty-eight hours, strik- 
ing and progressive improvement was 
apparent on follow-up x-ray examinations 
on the eighty-ninth and 122nd post-treat- 
ment days and all roentgenographic evi- 
dence of the lesions had disappeared before 
the 208th day (approximately seven months). 
The schedule employed in this patient 
(4.8 million units in 7.5 days) was one of 
the penicillin regimens assigned to this in- 
stitution* for the routine treatment of 
patients with early syphilis. No additional 
penicillin was administered because of the 
presence of destructive bone involvement. 

Although the relationship of the preced- 
ing blow on the head to the subsequent 


* By the Penicillin Panel of the Subcommittee on 
Venereal Diseases, National Research Council, the 
agency administrating the nationwide cooperative study 
of penicillin in syphilis. 
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development of destructive lesions of the 
skull is conjectural, it is pertinent that 
Chesney, Turner and Halley® have demon- 
strated the predisposing influence of trauma 
on cutaneous lesions of experimental syphilis 
in rabbits and have reported similar in- 
stances in early syphilis in man. Paren- 
thetically, in late syphilis trauma is more 
frequently implicated as a factor predispos- 
ing to the development of lesions, osseous 
as well as cutaneous, e.g., in benign late 
(gummatous) syphilis.’ 

Whether the penicillin administered else- 
where shortly before onset of the present 
illness affected the course of syphilis in this 
patient is speculative. There is ample 
evidence both in man and in the experi- 
mental animal that penicillin in small doses 
administered during the incubation period 
of syphilis may modify or completely sup- 
press the early manifestations of the dis- 
ease.*? Although it was not possible to date 
the onset of syphilitic infection in this 
patient either by historical data or by epi- 
demiologic investigation, it is conceivable 
that the small amount of penicillin ad- 
ministered for gonorrhea approximately 
two weeks before the onset of headache and 
four weeks before the appearance of three 
scattered skin lesions of the secondary type 
may have exerted a modifying and/or sup- 
pressing effect. 
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SUMMARY 


A case report of destructive osseous lesions 


of the skull in early syphilis is presented. 


Penicillin therapy (4.8 million units in 7.5 
days) afforded prompt symptomatic relief 
and complete healing of the involved areas 
within a seven month period. The results 
in this patient compare favorably with 
those reported during prolonged treatment 
with the arsenicals and bismuth. 
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EXPERIMENTAL OBSERVATIONS ON THE 
PRODUCTION OF PERICARDIAL AD- 
HESIONS AND ON LIGATION OF 
CORONARY ARTERIES IN RATS 


ALEX W. Boone, M.D. (introduced by 
Joseph W. Beard, M.D.) 


From the Department of Surgery, Duke University 
School of Medicine, Durham, N. C. 
Claude S. Beck and others have pioneered 
work indicating that temporary augmentation 
of the coronary circulation is possible by produc- 
ing adhesions between the myocardium and 
pericardium. As yet, however, no satisfactory 
simple method of producing these adhesions has 

been evolved. 

Experiments have been performed upon 227 
rats to determine the efficiency of substances 
that might be injected into the pericardial sac 
and thereby furnish collateral extracoronary 
blood supply. Experiments have also been per- 
formed to determine the effect of adhesions 
upon the relative physical efficiency of the nor- 
mal rat and of the rat subjected to ligation of the 
left coronary artery. Various concentrations of 
thirteen different detergents and six miscel- 
laneous agents were placed in the pericardial 
sac of the rat. Five per cent monoethanolamine 
oleate proved to be the most efficacious and non- 
toxic of the agents tried, producing good vascu- 
lar adhesions without complications. These 
adhesions did not affect the efficiency of normal 
rats. Ligation of the left coronary artery of 
normal rats diminished their physical efficiency. 
Production of adhesions soon after ligation of the 
left coronary artery had little beneficial effect. 


EXPERIMENTAL AORTIC VALVULOTOMY 


H. G. Smituy, M.D. and Epwarp F. PARKER, M.D. 
(introduced by William 7. Darby, M.D.) 


From the Department of Surgery, Medical College of 
the State of South Carolina, Charleston, S. C. 

In an effort to perfect a technical approach to 
the aortic valve, a series of dogs was studied with 
the view of developing a surgical procedure 
which might be applicable to young patients 
suffering from aortic stenosis. 

The aortic valve has been successfully di- 
vided by a specially devised valvulotome which 
is passed into one of the aortic cusps through the 
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wall of the ascending aorta with the resultant 
production of aortic insufficiency. Technically, 
the procedure is complicated by hemorrhage 
from the aortic wound. Methods utilized in 
controlling the bleeding and in the production of 
the valvular lesion are discussed. Further studies 
are in progress relating to electrocardiographic 
changes, microscopic alterations of the aorta 
and the permanency of the valvular lesion. 


MECHANISM OF EDEMA FORMATION IN 
THYROTOXIC HEART DISEASE 


ARTHUR J. MERRILL, M.D. and (by invita- 
tion) WALTER H. CarGILL, M.D. 


From the Department of Medicine, Emory University 
School of Medicine, Atlanta, Ga. 

We have previously presented evidence for a 
forward failure hypothesis of edema formation in 
congestive heart failure. Essentially this con- 
sists of a marked reduction in renal plasma © 
flow, and filtration rate is independent of 
venous pressure levels and is closely related to 
inadequacy of cardiac output. The low filtration 
rate results in a reduction of the amount of salt 
and water presented to the tubules. Almost com- 
plete reabsorption by the tubules occurs with a 
net retention of salt and water and consequent 
edema formation. The cause of cardiac edema 
in patients with high cardiac outputs, as in 
thyrotoxicosis, has not been explained. 

In thyrotoxicosis the cardiac output and basal 
metabolism rate were elevated concomitantly 
but the cardiac output was slightly higher after 
the patient became compensated than it was 
during severe failure. 

The renal plasma flow in uncomplicated 
thyrotoxicosis followed no definite pattern but 
in the same patient tended to fall as the basal 
metabolism fell. 

In seven patients with edema and orthopnea 


which were controlled easily, the renal plasma 


flow and filtration rate were normal or elevated. 
In all with a slightly diminished renal plasma 
flow, a supernormal level was found shortly 
after the patient became compensated. In one 
patient with moderate failure the renal plasma 
flow was decreased. In one patient with the 
most severe anasarca and ascites the renal 
plasma flow and filtration rate were quite low. 
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As hie patient’s thyrotoxicosis improved with 
propylthiouracil, first the filtration rate and 
finally the renal plasma flow became normal but 
the renal plasma flow was decreased. The latter 
increased as the patient’s thyrotoxicosis im- 
proved with propylthiouracil. 

Thus further evidence is found of a mechan- 
ism for reduction of the renal plasma flow and 
filtration rate when the cardiac output becomes 
inadequate for the metabolic needs of the tissues, 
even though the cardiac output may be well 
above the accepted average normal. When this 
vasoconstriction is extreme, the filtration rate 
and consequently salt and water filtration are 
reduced and edema occurs. One may surmise 
that the patients with less severe failure and 
normal renal studies at rest had inadequate 
cardiac outputs on exertion. We have shown that 
this will produce depression of the renal plasma 
flow and filtration rate in other types of heart 
failure and it is logical to suppose that a similar 
mechanism would operate here. 


CHANGES IN RESPIRATORY EFFICIENCY 
AND DyYNAMICs IN EXPERIMENTAL 
PULMONARY CONGESTION 


Howarp E. HEYER, M.D., JAMES HOLMAN, 
M.D. and GEORGE T. SHIRES, M.D. (intro- 
duced by Morton F. Mason, M.D.) 


From the Department of Medicine, Southwestern 
Medical College, Dallas, Tex. 

Experimental pulmonary congestion and 
edema were produced in dogs by rapid venous 
infusion of saline and buffer solutions. Continu- 
intrapleural pressure fluctuations, ventilation 
per minute and of jugular venous pressure. 
Eighteen animals were utilized in all. In several 
experiments comparative determinations were 
made at rest (nembutal anesthesia) as well as 
after the hyperpnea induced by rebreathing 
CO, and oxygen, or by experimental congestion. 
The rapid infusion produced marked pulmonary 
congestion and edema, confirmed by post- 
mortem examination. Generalized visceral con- 
gestion and progressive elevation of venous 
pressure to over 500 mm. of saline were noted 
in all experiments. Intrapleural pressures were 
below atmospheric levels prior to infusion, but 
with increasing congestion expiratory pressures 
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rose well above atmospheric levels in all cases. 
Inspiratory pressures either became more nega- 
tive or shifted slightly toward atmospheric 
levels. Total intrapleural pressure changes 
increased markedly and mean _intrapleural 
pressures deviated toward atmospheric levels. 
Carbon dioxide hyperpnea caused marked 
increases in total intrapleural pressure changes 
and an increase in the negative pressure devel- 


_ oped during inspiration. In five of eight animals 


given COs, the expiratory intrapleural pressure 
remained below the atmospheric level, even 
with marked hyperpnea; in the remaining three 
animals it rose above this level. 

The average tidal air increased markedly after 
CO, administration (often doubling), and the 
ventilation per minute rose even more sharply. 
During maximum pulmonary congestion tidal 


- exchange decreased markedly, even with gross 


hyperpnea, while the ventilation was either 


slightly increased or decreased. 


Tidal exchange (cm.*/meter?) 
Total intrapleural presssure change 


was utilized as an index of efficiency of respira- 
tion. This index rose abruptly after CO, admini- 
stration and decreased sharply after pulmonary 
congestion was produced. Vagotomy slowed the 
respiratory rate, but did not abolish the shift in 
intrapleural pressure to levels above atmospheric, 
nor did it prevent the rapid decline in respira-. 
tory efficiency after congestion. Marked activity 
of expiratory muscle groups occurred with 


_ severe pulmonary congestion. Section of the 


cervical cord abolished these movements, but 
failed to cause expiratory intrapleural pressures 


.to drop to subatmospheric levels in all cases. 


The authors conclude that hyperpnea produces 
increased efficiency of breathing in the normal 
lung, whereas the hyperpnea of pulmonary 
congestion is accompanied by a marked decrease 
in efficiency of respiration. The latter phenom- 
enon is ascribed mainly to changes in the 
distensibility of pulmonary tissues. The shift in 
intrapleural pressure toward positive values 
(with congestion) is partially explainable by 
increased activity of expiratory muscles, but the 
failure of vagotomy and cord section to abolish 
these changes indicates that local changes in the 
lungs are also causative. 
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Many phenomena seen in diseases of the heart 
and lungs are commonly ascribed to elevation of 
pressure in the lesser circulation. Until recently, 
there have been few opportunities for determina- 
tion of this pressure in man. The technic of 
intracardiac catheterization permits measure- 
ment of pressures within the pulmonary artery 
and simultaneous determination of the cardiac 
output by the Fick method. This technic has 
been applied to the study of the pulmonary cir- 
culation in patients with pulmonary emphysema, 
congestive heart failure, and mitral stenosis, 
conditions which have been thought to bring 
about an elevation of pressure in the lesser 
circulation. 

Pulmonary arterial pressure and cardiac out- 
put were determined while subjects were at rest 
and while they were carrying out exercise 
sufficient approximately to double the resting 
oxygen consumption. In normal subjects the 
mean pulmonary arterial pressure at rest is of the 
order of 10 to 15 mm. of mercury and is sub- 
stantially unchanged by increases in cardiac 
output up to nearly twice the resting level. Sub- 
jects with emphysema who have an elevated 
pulmonary pressure at rest show a further large 
increase in pressure when the cardiac output is 
raised by exercise. Subjects with congestive 
failure on the basis of hypertension or aortic 
regurgitation usually have a high resting pul- 
monary pressure. During exercise, the pulmo- 
nary pressure undergoes an additional large 
elevation, but the cardiac output is increased 
little or not at all. The results in subjects with 
advanced mitral stenosis resembled those seen in 
left ventricular failure. 

The data indicate that the normal pulmonary 
vascular bed can accommodate considerable 
increase in blood flow over the resting level 
without a significant increase in pulmonary 
arterial pressure. The results in emphysema 
suggest a rigid vascular bed which responds 
with a sharp elevation of arterial pressure to an 
increase in cardiac output. The mechanism by 
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PULMONARY ARTERIAL PRESSURES _IN 
CONGESTIVE FAILURE AND EMPHYSEMA 
Joxun B. Hickam, M.D. and WALTER H. 
M.D. (introduced by Eugene A. Stead, Fr., M.D.) 


From the Duke University School of Medicine, Durham, 
N. 


which the pulmonary pressure becomes ele- | 
vated in cases of left ventricular failure is 
uncertain. It might possibly result from elevation 
of the left atrial pressure, constriction of pul- 
monary arterioles or development of edema 
within the lung. In mitral stenosis the failure of 
the cardiac output to rise in correspondence with 
the elevation of pulmonary pressure during exer- 
cise was unexpected. 


UsE oF TETRAETHYLAMMONIUM CHLO- 
RIDE IN THE [TREATMENT OF EXPERI- 
MENTAL ACUTE ARTERIAL INSUFFICIENCY 
F. W. Cooper, JR., M.D. (introduced by 
Arthur J. Merrill, M.D.) 


From the Department of Medicine, Emory University 
School of Medicine, Atlanta, Ga. 


It has been proved conclusively by Leriche 


- and his co-workers that sympathectomy will 


prevent massive gangrene and death following 
extensive arterial resections in animals. ‘“The 
critical period” following arterial resection ap- 
pears to be the optimal time for removal of 
constrictive arterial impulses which may inhibit 
the dilatation of collateral vessels. 

A group of twenty animals weighing 9 to 15 
Kg. was operated upon with the trifurcation of 
the aorta being excised distal to the inferior 
mesenteric artery. The deep circumflex iliac 
arteries, the two external iliac arteries and the 
common hypogastric trunk were excised. Ten 
of the animals were given tetraethylammonium 
chloride in the proportion of 25 mg. per Kg. of 
body weight as a sterile 10 per cent solution, 
intramuscularly. Similar doses were given every 
eight to twelve hours for three days. 

In the control group nine of the animals died 
within one to five days with paralysis, discolora- 
tion and swelling of the posterior extremities. 
All of the animals treated with tetraethylam- 
monium chloride survived except for one in 
which extensive cellulitis developed following 
injection of the drug through technical error in 
the posterior extremities. The animals so treated 
demonstrated a transient weakness and de- 
creased functional tolerance for one to four days 
but returned to relatively normal activity at the 
end of this time. 

The enlargement of the collateral channels 
about the site of aortic excision: was demon- 
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strated by arteriography. Tetraethylammonium 


chloride may be a valuable adjunct in the treat- 


ment of acute arterial injuries. 


PHLEBOGRAPHY FOR THE STUDY OF 
OBSTRUCTION OF THE VEINS OF 
THE SUPERIOR VENA CAVAL 
SYSTEM 


Sot Katz, M.p., HucH Hupson Hussey, 
M.D. and JAMES Ross VEAL, M.D. (intro- 
duced by Harold Jeghers, M.D.) 

From the Departments of Medicine and Surgery, 
Georgetown University School of Medicine, George- 
town Division of Medical and Surgical Division of 
Gallinger Municipal Hospital, Washington, D. C. 

Phlebography is a precise method for study of 
lesions causing obstruction of the superior vena 
cava or its main tributaries, except the internal 
jugular vein which is inaccessible. Diodrast 
has usually been employed as the contrast 
medium. The external jugular vein is the pre- 
ferred site of injection for visualization of 
obstruction of the superior vena cava or innomi- 
nate vein; the median basilic vein, for the sub- 
clavian and axillary veins. The interpretation of 
phlebograms of the superior vena caval system 
is simple and errors are much less frequent than 
_with phlebograms of the lower extremity. No 
other method, except anatomic dissection, 
affords as much information about the location 
and extent of collateral venous circulation. 

Cases illustrative of obstruction of the su- 
perior vena caval system at various points are 
presented. It is emphasized that comparative 
‘measurements of the venous pressure are a 
valuable supplement to phlebography. They 
vrovide a more exact appraisal of the functional 
capacity of the collateral circulation than 
phlebographic study alone. 


RELATION BETWEEN ARTERIAL PRESSURE 
AND BLOOD FLOW IN THE FOOT 


P. SCHEINBERG, M.D., E. W. DENNIS, M.D., 
R. V. ROBERTSON, M.D. (by invitation) 
and EUGENE A. STEAD, JR., M.D. 

From the Departments of Medicine, Emory University, 
Atlanta, Ga., and Duke University School of 
Medicine, Durham, N. C. 

The relationships between blood flow and 
arterial pressure in man have never been clearly 
elucidated. A satisfactory technic for raising and 
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lowering the arterial pressure in a part without 
using either vasoconstrictor drugs or intense 
sympathetic stimulation or causing venous con- 
gestion has been lacking. Because of its relatively 
large surface area, the foot offers an ideal for 
studying the relation between arterial pressure 
and blood flow in the skin. By standing upright 
the mean arterial pressure in the foot may be 


_ doubled. Venous congestion can be avoided by 


applying to the foot a pressure which exceeds 
the hydrostatic venous pressure but is well be- 
low the arterial diastolic pressure. On release of 
the external pressure, blood flows into the foot 


under a tremendous pressure head, which is 


unopposed on the venous side until the foot is 
filled. This seems to be a logical means of 
increasing the rate and amount of blood flowing 
into a foot with vascular disease; contrary to 
most current clinical procedures, it does not 
produce a deficit of blood flow for each gain, for 
the pressure required to empty the foot of its 
venous blood does not impede arterial inflow. 
The blood flow with the subject in the recum- 
bent and standing positions is measured by 
means of a plethysmograph. 

In a given subject the blood flow in the foot is 
related to: (1) Peripheral vascular resistance, 
which depends on (a) the amount of vasodilata- 


tion, (6) the amount of blood in the vessels which 


must be moved forward, and (2) the arterial 
pressure head. With the subject recumbent the 
blood flow in the foot is greatest when the foot is 
emptied of its venous blood and the vessels are 
maximally dilated by heat or previous arterial 
occlusion, for this situation offers the least 
peripheral vascular resistance. On standing, the 
blood flow is also greatest when the foot has 
previously been emptied of its venous blood. 

On standing the mean arterial pressure in the 
foot is approximately doubled because of the 


added pressure exerted by the column of blood 


extending from the foot to the arch of the aorta. 
If the foot is emptied of its venous blood by ex- 
ternal pressure, the increased pressure head is 
unopposed by residual blood in the foot and by 
the hydrostatic venous pressure provided the 
venous valves are competent. 

The present study has shown the following: 

Motionless standing increased the blood flow 
in the foot two to four times above the recum- 
bent level. The large increase in arterial pressure 
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was not sufficient to dilate maximally the vessels 
which still retained their tone but apparently 
sufficient to force more blood through these 
vessels than could be accounted for by a simple 
increase in pressure with no increase in vessel 
size. The blood flow in the erect position at a 
temperature of 32°c. was only one-fourth as 
large as when the vessels were maximally 
dilated by a temperature of 45°c. The blood flow 
erect at 32°c. was approximately equal to the 
blood flow supine at 45°c. Blood flow supine in 
the foot emptied of its venous blood was about 
50 per cent greater than in the non-emptied foot. 
These observations suggest that a properly 
timed peripheral venous pump rhythmically 
emptying the foot of its venous blood would 
cause at least a 100 per cent increase in the blood 
flow of the erect subject above that present in the 
same subject recumbent. The actual value of 
this procedure in the treatment of peripheral 
vascular disease remains to be evaluated. 


Direct ACTION OF HyPOXIA UPON THE 
VASOMOTOR CENTER 


THEODORE G. BERNTHAL, M.D. (introduced 
by Paul F. Hahn, M.D.) 


From the Department of Physiology, Medical College 
of South Carolina, Charleston, S. C. 

The responses of the vasomotor center (anes- 
thetized dogs) to hypoxia were recorded during 
the absence of all known chemoreceptor support. 
Responses of the vasomotor center were indi- 


cated by changes in arterial blood volume flow 


in the foreleg. The vascular bed of the foreleg 
was protected from hypoxia and local hemody- 
namic conditions were maintained constant. 
Thus, changes in leg blood flow during hypoxia 
could result only from altered activity of the 
vasomotor center. 

In four of eleven animals, reduction of the 
oxygen tension of inspired air to 0-52 mm. Hg 
caused only diminished leg blood flow, indicat- 
ing predominance of excitatory action of hypoxia 
at the vasoconstrictor center. In six animals the 
responses were mixed, vasoconstriction occurred 
during some intensities of hypoxia or at some 
stage of single responses, vasodilatation at others. 
In one animal only vasodilatation occurred. 

The results suggest two separate but simul- 
taneous effects of hypoxia on the vasoconstrictor 


center, one depressant and one excitatory, with 


a varying balance between them. In general, 
responses in which excitation dominated were 
the more frequently encountered. A corollary 
conclusion is that the arterial hypotension com- 
monly exhibited during hypoxia by chemocep- 
tively deafferented animals is not dependent 
upon depression of the vasoconstrictor center. 


SOME CLINICAL EXPERIENCES WITH MEm- 
BERS OF THE VITAMIN M Group 
(PTEROYLGLUTAMIC AcID, FERMEN- 
TATION FACTOR AND PTEROIC ACID) 


EDGAR JONES, M.D. (by invitation), HENRY 
F. WARDEN, M.D. (by invitation) and 
WiILuiaM J. DARBY, M.D. 


From the Departments of Medicine and Biochemistry, 
Vanderbilt University School of Medicine, 
Nashville, Tenn. 

Pteroylglutamic acid (PGA) is hemopoieti- 
cally active when administered orally or paren- 
terally to patients with sprue, pernicious anemia 
or nutritional macrocytic anemia. A comparison 
of its activity with liver extract indicates that 
orally administered PGA results in reticulocyte 
maxima equally as high as does liver extract. 
The subsequent erythrocyte regeneration is 
satisfactory. Eight patients who had _ been 
treated in a previous relapse with liver extract 
responded with equally good or higher erythro- 
cyte levels when treated in a subsequent relapse 
with 5 to 15 mg. of PGA daily. | 

In sprue PGA can favorably influence the 
gastrointestinal malabsorption as reflected by 


_the return toward normal of glucose tolerance, 


stool fat content, vitamin A tolerance, serum 
carotene and plasma tocopherol. The gastro- 
intestinal picture as revealed by x-ray has re- 
verted to normal in one patient under constant 
therapy with PGA. The effect of PGA on the 
neurologic defects in pernicious anemia remains 
to be clarified. 

A case of sprue has exhibited a reticulocytosis 
of 38 per cent accompanied by clinical and 
hematologic improvement following daily pa- 
renteral administration of 10 mg. doses of 
‘‘fermentation factor” (pteroyltriglutamic acid). 
A patient with pernicious anemia in relapse 


failed to respond significantly to the oral ad- 


ministration of 7.0 mg. daily of pteroic acid but 
subsequently responded to the oral administra- 
tion of 5 mg. of PGA daily. 
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UREA SYNTHESIS IN THE NEPHREC- 
TOMIZED Rat. A METHOD FOR 
THE STuDY OF RAPID CHANGES 

IN PROTEIN METABOLISM 


FRANK L. ENGEL, M.D., E. IRENE PENTZ, 
M.D. (by invitation) and MILDRED G. 
ENGEL, M.D. (by invitation) 


From the Department of Medicine, Emory University 
School of Medicine, Atlanta, Ga. 


There has been increasing interest during 
recent years in the relation of illness, injury and 
‘various endocrines to nitrogen metabolism. 
Much has been learned about overall nitrogen 
balance but there are many gaps in our knowl- 
edge of the protein metabolism and the exact 
time relationship between various types of 
stimuli and the responses in acceleration or 
inhibition of protein catabolism. 

The present report presents an improved 
method for the study of rapid changes in protein 
metabolism in rats by which one is enabled to 
detect changes in three hours or less with a high 
degree of accuracy. It is based on the measure- 
ment of urea nitrogen accumulation in ne- 
phrectomized rats. Its validity depends on (1) 
the availability of an accurate and sensitive 
method for the determination of blood urea, (2) 
the equal distribution of urea throughout the 
total body water, (3) experimental periods 
short enough so that significant changes in body 
water composition are unlikely and (4) a rela- 
tively constant rate of rise of blood urea nitrogen 
during a reasonable period after nephrectomy. 
These criteria have been met. Data will be 
presented analyzing the method, and some ex- 
periences with the use of various amino acid 
mixtures, adrenal cortical extract and the effects 
of hemorrhages and shock will be considered. 


PLASMA PROTEINS IN CONTROL AND 
INJURED Docs, GOATs AND RATs 


ALFRED CHANUTIN, M.D. 
From the Biochemical Laboratory, University of 
Virginia, Charlottesville, Va. 
_ (This work was done under contract with the Medical 
Division, C.W.S.) 

This laboratory has been engaged in the frac- 
tionation of serum of control and injured animals. 
The serum and fractions have been studied by 
electrophoretic and chemical procedures. 
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The serum of dogs injured by mustard, heat, 
cold or turpentine injections showed increases 
in alpha and beta globulins and a decrease in 
albumin concentrations. Fractions isolated from 
these sera were not present in the serum of con- 
trol animals and some were characterized by a 
high lipide content. 

The electrophoretic changes in the serum of 
goats injured by mustard or turpentine were 
characterized by an increase in the beta globu- 
lins and a decrease in albumin concentrations. 
No increase in lipoproteins was demonstrated 
in the goat. Four electrophoretically pure 
proteins have been isolated. 

_ The proteins of whole plasma of rats showed 

comparatively little change electrophoretically 
until they were separated into four fractions. 
After injury, marked increases were noted in the 
alpha and beta globulins and a decrease in 
albumin concentrations. 


URINE VOLUME AND URINARY SODIUM 
EXCRETION DURING WATER DIURESIS 


A. J. CRUTCHFIELD, M.D. (by invitation) 
and J. Epw1n Woon, JR., M.D. 


From the Department of Medicine, University of 
Virginia Medical School, Charlottesville, Va. 


The influence of water diuresis on urinary 
sodium excretion has been observed in normal 
individuals and patients with congestive heart 
failure. Hourly total renal excretion of sodium 
and urine has been determined for six consecu- 
tive hours following the ingestion of one liter of 
water. This pattern of sodium and water excre- 
tion was studied following: (1) plain water and 
(2) plain water plus certain diuretic substances, 
appropriately preceded in each case by plain 
water controls. Sodium determinations were 
made by the photometric method, the accuracy 
of which has been discussed in a previously 
submitted summary. Altogether eighty-six ex- 
periments have been done on forty patients. 

From these experiments a definite pattern of 
sodium and water excretion has been recorded. 
This pattern is essentially the same in outline for 
both normal and congestive heart failure pa- 
tients, though quantitatively different. 

Mercupurine and intravenous aminophyllin 
regularly produced a disproportionate increase 
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in urine volume and total urinary sodium in 
favor of the latter. This suggests that the pri- 
mary renal action of these substances may be 
depression of tubular reabsorption of sodium. 
Xanthines by mouth have a similar, though 
much less powerful effect. Urea and glucose 
under the conditions of this experiment pro- 
duced no significant effect on urine volume or 
sodium excretion. 

From these observations it would appear that 
water diuresis does not increase urinary sodium 
elimination but may actually depress it. 


FLUORESCENT [RACER SUBSTANCES IN 
THE DETERMINATION OF CIRCULA- 
TION TIMES IN MAN 


WILLIAM ADOLPH, M.D., TRAvis WINSOR, 
M.D., WALTER C. RALSTON, M.D. and 
GEorGE M. LErBy, M.D. (introduced by 
George E. Burch, M.D.) 
From the Medical Division, Birmingham General 
Hospital, Van Nuys, Calif. 

The purpose of the present presentation is (1) 
- to demonstrate the use of riboflavin as a fluores- 
cent tracer substance, (2) to present a technic 
which renders circulation time of greater clinical 
value and (3) to demonstrate the value of 
measurements in various segments of the car- 
diovascular system. The technic was to raise a 
histamine wheal on various portions of the body. 
After approximately one minute riboflavin was 
injected into the antecubital vein. The time was 
measured from the beginning of the injection 
to the appearance of yellow-green fluorescence 
in the periphery of the wheal detected using 
filtered ultraviolet light. Normal individuals 
and patients with congestive failure were studied. 
A number of fluorescent materials were studied 
in vivo and ith vitro. Riboflavin and fluorescein 
were the most innocuous, were readily diffusible 
in tissue spaces and easily visible giving sharp 
end points in a darkened room. Peak fluores- 
cence for riboflavin occurred in dilutions ten 
times greater than for fluorescein. Maximum 
fluorescence was more intense with fluorescein. 
Optimum dose for riboflavin in vivo was 0.8 mg. 
per kilo. Arm to arm times were determined 
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among normal individuals using riboflavin and 
fluorescein. Both substances gave comparable 
results (range fourteen to twenty-six seconds, 
average 19). Riboflavin circulation times varied 
with age, the shortest normal arm to arm time 
being six seconds in an infant. Circulation times 
were determined over short (arm to arm) and 
long (arm to foot) segments of the vascular 
tree among normal individuals and those with 
congestive failure. Times obtained from long 
segments were a more sensitive index of circu- 
latory retardation than times obtained over 
shorter segments. Circulation times through a 
systemic arterial segment was determined by 
taking the difference between arm to arm and 
arm to foot times. In some instances the segment 
time was abnormal (greater than twelve seconds 
under standard conditions) in patients with 
failure when the arm to arm time was normal. 


OBSERVATIONS ON ABDOMINAL VISCERAL 
PAIN PATHWAYS IN PATIENTS UNDER- 
GOING CELIAC GANGLIONECTOMY AND 
VAGOTOMY OR SYMPATHECTOMY 


KEITH S. GRIMSON, M.D. 


From the Department of Surgery, Duke University 
School of Medicine, Durham, N. C. 

Celiac ganglionectomy alone has been per- 
formed during the course of exploratory lapa- 
rotomy in four patients with so-called biliary 
dyskinesia. Another had right splanchnicectomy 
only. Celiac gangionectomy was employed for 
pain from recurring pancreatitis in one patient. 
Celiac ganglionectomy and subdiaphragmatic 
vagotomy were performed in two patients with 
severe functional abdominal pain. Observations 
concerning the effect of these operations and 
also concerning visceral pain after transthoracic 
vagotomy for peptic ulcer and after splan- 
chnicectomy during sympathectomy for hyper- 
tension will be presented. 

It is concluded that the vagus nerves do not 
carry visceral afferent pain pathways and that 
the splanchnic nerves do. A major portion of 
the splanchnic visceral afferent pain pathways 
travel through the celiac ganglia. 
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CONDITION CONDITION CONDITION 
Various dyspepsias of Noncalculous Biliary constipation. 
chronic gallbladder cholecystitis ; gallstone 
disease. patients (poor surgical 

risks); cholelithiasis 

without previous colic. 
THERAPY THERAPY THERAPY 
Unconjugated etochol, Diand diet CKetochol. ) 

h ic acids with uncooked fats, 
etochol), Antispas- antispasmodics. 

modics, generous diet of 
uncooked fats. 
RESULTS RESULTS RESULTS 
46.5% complete relief, Satisfactory response to. Prompt return of stools 
46.5% partial relief, the medical regimen. to normal size, imme- 
7.9% no relief. diate subsidence of other 
AUTHOR AUTHOR AUTHOR 
DeLor, C. J.; Means, Dolkart, R. E.: Illinois .Gauss, H.: Am. J. 
J. W.; Shinowara, G. J., M. J. 87:43 Digest. Dis. /2:224 
and Reinhart, H. L.: (Jan.) 1945. (July) 1945, 
Rev. Gastroenterol. . 
8 :48 (Jan.-Feb.) 1941. 
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K ETOC HOLS: Efficient hydrocholeretic 


PAVATRINES smooth muscle antispasmodic 


Ketochol and Pavatrine are the registered trade- 
marks of G. D. Searle & Co., Chicago 80, Illinois 


SEARLE Research in the Service of Medicine 
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The New. Completely Rewritten. 3rd Edition 


MODERN DRUG ENCYCLOPEDIA 
AND THERAPEUTIC INDEX 


HI8 TIME-SAVING volume presents 8140 Ethical drugs of 

American pharmaceutical manufacturers that doctors use 
in their every-day practice. With this service on your desk, you 
may quickly refer to any medicinal preparation Therapeuti- 
cally, Alphabetically or by Manufacturer, and find its com- 
position (with structural formulas), action, uses, supply and 
dosage, as well as cautions and contraindications. : 
The’ new third edition has been completely rewritten and 
reset. In the five years that have elapsed since the publication 
of the second edition, purchasers everywhere have oan lavish 
in their praise of this service. 

KEPT UP TO DATE 

New Modern Drugs, which completely describes new drugs 
placed on the market, is issued quarterly and is sent to pur- 
chasers of the Drug Encyclopedia at no extra charge. 


CONCISE - COMPLETE - AUTHORITATIVE 


invaluable ! 
Your book is invaluable and unique—indis- 
ble, in fact, to me. 
is book has saved us a lot of time, given us 
much valuable knowledge. We will always buy 
the new one. Keep it high type. That's your 


Splendid! 
This is a splendid service, I could not get along 
without it. 
Circulars and catalogs are mislaid. Not so, if 
in a book. The book makes a grand reference. 
I refer to it every day. It is my bible. I am in 


love with the book. 
Approximately 1200 pages 

ree NEW MODERN DRUGS 49 W. 45th St., New York 19, N. Y. 
handsomely bound Enclosed is the sum of ten dollars ($10.00) for which please send 

2 me postpaid GuTman’s Mopern Druc ENCYCLOPEDIA AND 

Inpex AND New Mopern Druos. (Remittance must 
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Vasorelaxation produced by Nitranitol is GRADUAL, avoiding the 
dangerously abrupt blood pressure fluctuations of the quick-acting drugs. 

The hypotensive effect of Nitranitol is PROLONGED, each dose 
overlapping the one before—permitting maintenance of a relatively 
constant pressure. 

The negligible clinical toxicity of Nitranitol, making it SAFE for use 
over an indefinite period, is in contrast to the cumulative toxicity of 
the thiocyanates. 


Gradual, Prolonged, Safe Vasodilation with 


NITRANITOL 


T. M. REG. U.S. PAT. OFF. 


Nitranitol contains 4% gr. mannitol hexanitrate in each scored 
tablet. Dosage is 1 to 2 tablets every four hours. Available in 
hospital and prescription pharmacies in bottles of 100 ard 1000. 


THE WM. 8. MERRELL COMPANY 
CINCINNATI, U.S.A. 
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therapy 
Presseve is brovety 
Se Se Se SS 
Noon Dose 400 Dose Evening Dose Morning Dose Neon Dose 
_ 
For Cases requiring Sedation 
in addition to “aSOdilation 
WIth 
ELL 
Each SCored table Contains lug | E R R 
gr. Mannito} hexani trate 
and 1 gr. Phenobarbital, 
Bottles of 10¢ 4nd 1000. 


Cephalic Phase 


Digestion 


meal is conducive to trouble-free di- 
gestion has been repeatedly experi- 
enced by everyone. The psychic 
influence of the sight and taste of 
attractive food upon the secretion of 
the digestive juices and upon gastrointestinal motility is probably the 
basis for this observation. A meal which ends with a piece or two of candy 
is usually regarded as a satisfying meal. In this manner candy can rob 
even an ordinary meal of its drabness. Children look forward to this treat 
at the end of their meals; this very anticipation encourages them to eat 
their other foods more eagerly. And few indeed are the adults who do 
not enjoy a sweet after lunch or dinner. 


Candies are made with many wholesome and nutritionally valuable 
foods—milk, butter, eggs, fruits, and nuts. To the extent these foods are 
present, candies provide valuable protein, minerals, and B complex vita- 
mins. Readily utilized caloric food energy is also supplied by candies. 


COUNCIL ON CANDY or tne 


1 NORTH LA SALLE STREET - CHICAGO 2, ILLINOIS 
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and satisfaction which follows a good ty, | | 
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COMPLETE REMISSION 


DRAWEELASMA TO 


* BACTERICIDAL, DEODOK DETERGENT, 


Glycerite of Hydrogen Peroxide .,. 


With Carbamide 


Clinical studies concerned with the use of 


Glycerite of Hydrogen Peroxide in the treatment of 

chronic purulent otitis media demonstrated seventeen 

"26:27, 1947. of twenty-nine patients in complete remission in 14 

Baie days and the remainder by the 38th day. The pa- 

New 046. tients studied presented conditions existent for pe- 
Annals of Allergy, riods of 2 weeks to.over 40 years. Previous treat- 

J. A. Ph.. A ment by the usual therapeutic means, including 


tyrothricin or penicillin, was ineffective in all 


Literature on request. 
cases. 


Const'tuents: 


Hydrogen Peroxide 1.446%, Urea (Carbamide) 2.554%, 8-Hydroxyquinoline 0.1%. 
* — Dissolved and stabilized in substantially anhydrous glycerol...q.s. ad. 30cc. 


Available on prescription in one-ounce bottle with dropper. 
Administration: One-half dropperful two to four times daily. 


International PHARMACEUTICAL CORPORATION 


132 NEWBURY STREET, BOSTON 16, MASSACHUSETTS 
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Infections 
TISSUE 


WHAT 


PRESCRIBE 


FRTRON 


Steroid Complex, Whittier 


There was a time when Arthritis 
could be considered hopeless. T - 
as the literature shows, the gains 
made by Ertron over the dread 
disease have been outstanding. 
Ertron is the most widely 
prescribed anti-arthritic today. 


*Reg. U. S. Patent Office 


CAGU 


| 
° 
Steroid 


you can catch 


A leprechaun, according to Irish legend, is 
a dwarf who keeps a pot of gold hidden 
away. 

If you can catch a leprechaun, your 
troubles are over. 

Because he keeps his gold just for ran- 
som money. If you catch him, he’ll quickly 
tell you where his gold is, so you’Il let him go. 

The best place to look for a leprechaun 
is in the woods. They’re green, and only 
about nine inches tall, so you’ll have to— 

Or maybe you don’t believe in lepre- 
chauns. 

Maybe it would be more practical to just 
keep working for your money. But you can 
learn one good lesson from these little fellows. 


leprechaun... 


A small pot of gold put to one side is a 
great help when trouble catches you. 

And there’s a much faster and easier way 
to get your pot of gold than by catching 
leprechauns. 

You can buy U.S. Savings Bonds through 
an automatic purchase plan. 

lf you’re employed you can sign up for 
the Payroll Savings Plan. If you have a 
bank account you can sign up for the Bond- 
A-Month Plan. 

Either way, your pot of gold just saves 
itself, painlessly and automatically. 

And your money increases one third every 
ten years. That would make a leprechaun 
turn even greener with envy. 


Save the easy, automatic way_with U.S. Savings Bonds 


Contributed by this magazine in co-operation _ 
with the Magazine Publishers of America as a public service. 
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The food drink made by mixing Oval- 
tine with milk finds frequent applica- 
tion whenever underpar nutrition is 
encountered. It is equally valuable 
whether the need for dietary supple- 
mentation arises from the ravages of 
acute infectious disease, from dietary 
limitations made necessary by surgery, 
or from fauity food selection over a 
prolonged period. 

This nutritional supplement is deli- 
cious in taste, readily digested, and 


WHENEVER THE NUTRITIONAL STATE 
MUST BE IMPROVED 


thoroughly bland. It may be taken 
either hot or cold, as the patient de- 
sires, and is appealing to both children 
and adults. It supplies a wealth of vir- 
tually all essential nutrients including 
ascorbic acid and B complex and other 
vitamins. Its proteins are biologically 
complete, a feature of importance in 
the correction of debility states. Three 
glassfuls of this delicious food drink 
daily round out even an average diet to 
full nutritional adequacy. 


| THE WANDER COMPANY, 360 N. MICHIGAN AVE., CHICAGO 1, ILL. 


Three servings daily of Ovaltine, each made of 
Ya oz. of Ovaltine and 8 oz. of whole milk,* provide: 


CALORIES................ 669 VITAMIN A...........-..- 


*Based on average reported values for milk. 


’ 
; : PHOSPHORUS............. 0.94 Gm. VITAMIN D............... 417 LU. 
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YOUR YEARLY SUBSCRIPTION TO 


The American Journal of Medicine 


BRINGS YOU 


“Today’s Medicine for 


Tomorrow’s Use’’ 


24 Conferences 
2 Symposia 
2 Seminars 
3 Research Society Reports 
100 Clinical Articles 


1536 Text Pages Yearly 
Profusely Illustrated 


THE YORKE PUBLISHING CO., INC. 
also publishers The American Journal of Surgery 


--—-——-— SUBSCRIPTION ORDER FORM -------- 


THE AMERICAN JOURNAL OF MEDICINE 
49 West 45TH STREET, New York 19, N. Y. 


Please enter my subscription to the new monthly journal, THE AMERICAN 
JournaL or Mepicine. Subscription U.S.A. $10.00 per year. $12.00 Foreign. 


ADDRESS. 


STATE — 
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MANNITOL HEXANITRATE, STRASENBURGH 
The Original Stabilized Formula 


Gradual and prolonged vasodilation . . . lasting 
5 to 6 hours. Uniformly dependable action. 
PACKAGE DATA: 


Available in bottles of 100 and 1000 tablets. 
Maxitate %4 gr. (white) Not Scored 
Maxitate 14 gr. (white) Scored 
Maxitate 14 gr. with Phenobarbital 4 gr. (blue) Scored 
Maxitate 14 gr. with Phenobarbital 14 gr. (pink) Scored 
Maxitate %4 gr. with Nitroglycerin 1/100 gr. (violet) Scored 
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Photomicrograph of DIPLO- 
COCCUS PNEUMONIAE 
(magnified 1,350 times), after 
“typing” with homologous an- 
tiserum by Neufeld method. 
The swollen, unstained, sharp- 
ly outlined capsules contain 
the type-specific polysacchar- 
ide, which is mixed with simi- 
lar antigens from other types of 
pneumococci in the prepara- 
tion of Solution of Pneumococ- 
cus Polysaccharides. 


Solution of 


ME successful active type-specific 
wmunization against 


pneumococcal pneumonia 


“The evidence . . . demonstrates clearly that 
immunization of man with the specific cap- 
sular polysaccharides of pneumococcus 
types I, II, V, and VII is effective in pre- 
venting the development of pneumonia due 
to these types in the immunized subjects. ”! 


1. MacLeod, C. M.; Hodges, R. G.; ey OE M., and 
Bernhard, W. G.: J. Exp. Med. 82:445 (Dec. 1) 1945. 


In the above mentioned investigation on 17,035 subjects with a 
preparation made by Squibb, pneumonia of the types repre- 
sented in the vaccine was entirely eliminated in the immunized 
group (8,586), excepting for four cases which developed before 
specific immunity had been established. And in the non-immu- 
nized group of 8,449 controls, all of whom were closely associated 
with the immunized group, the incidence of these types of 
pneumonia was greatly lowered through the reduction of 


“carriers.” Reactions were mild. The slight arm soreness reported 


by those injected lasted only 3 to 4 days. 


PNEUMOCOCCUS POLYSACCHARIDES 


Type-specific 


supplied in two combinations of types to which adults 
and children, respectively, are generally most susceptible: 


COMBINATION A: Containing types 1, 2, 3, 5, 7 and 8. (Primarily for adults ) 
COMBINATION B: Containing types 1, 4, 6, 14, 18 and 19. (Primarily for children ) 
DOSAGE: A single subcutaneous injection of 1 cc. for adults, or children over 12 


years of age; 0.5 cc. for children under that age. Immunity usually de- 
velops within 6 to 9 days and is effective for at least one year. 


AVAILABLE: Each combination supplied in 1 cc. and 5 cc. rubber-stoppered vials. 


Professional leaflet, “Active Immunization Against 
Pneumococcal Pneumonia” ts available upon request. 


SQUIBB MANUFACTURING CHEMISTS TO THE MEDICAL PROFESSION SINCE 1858 
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